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CHAPTER 1. INTRODUCTION

1.1 Purpose.

1.1.1 This AC provides updated guidance for the flight test evaluation of transport category
airplanes. These guidelines provide an acceptable means of demonstrating compliance
with the pertinent regulatics of Title 14, Code of Federal Regulations CER)
part25. The methods and procedures described herein have evolved through many
years of flight testing of transport category airplanes and, as such, represent current
certification practice.

1.1.2 SeeappendixA for a list of acronyms and abbreviations used in this AC.

1.2 Applicability.

1.2.1 The guidance provided in this document is directed to airplane manufacturers,
modifiers, foreign regulatory authorities, and FederabfAon Administration (FAA)
certification engineers, flight test pilots, and FAA designees.

1.2.2 This material is neither mandatory nor regulatory in nature and does not constitute a
regulation. It describes acceptable means, but not the only means, for datimanst
compliance with the applicable regulations. The Federal Aviation Administration will
consider other methods of demonstrating compliance that an applicant may elect to
present.

1.2.3 While these guidelines are not mandatory, they are derived from extéhgivend
industry experience in determining compliance with the relevant regulations. On the
other hand, if we become aware of circumstances that convince us that following this
AC would not result in compliance with the applicable regulations, we wilbh@ot
bound by the terms of this AC, and we may require additional substantiation or design
changes as a basis for finding compliance.

1.2.4 This material does not change, create any additional, authorize changes in, or permit
deviations from, regulatory requirents.

1.3 Cancellation.
This AC cancels AC 25C, Flight Test Guide for Certification of Transport Category

Airplanes dated October 16, 2012.
1.4 Background.

1.4.1 Since AC 257 was released on April 9, 1986, it has been the primary source of
guidance for flight test nteods and procedures to show compliance with the
regulations contained in subpart B of part 25, which address airplane performance and

11
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handling characteristics. AC Zbhas been revised several times to reflect changes in
the part 25 regulatory requiremsnthanges in guidance and policy, and advances in
technology.

1.4.2 The first revision, AC 25 A, updated the original AC to incorporate the policy and
guidance material applicable to all sections of part 25, not just subpart B. The material
related to reguladins outside of subpart B superseded that contained in 86r8,
Engineering Flight Test Guide for Transport Category Airplamgsich was cancelled
when AC25-7A was issued.

1.4.3 Change 1 to AC 25A added acceptable means of compliance for the regulatory
changes associatedttvamendments 282 and 2598 to part 25.

1.4.4 AC 257B added acceptable means of compliance for the regulatory changes associated
with amendments 2808, 25109, and 25115 to part 25, and revised guidance for
expanding takeoff and landimtata for airport elevations higher than those at which
flight testing was conducted. Means of compliance associated with flight in icing
conditions were removed as this material is now contained in AZGR5Performance
and Handling Characteristics in leg Conditionsdated Octobe27, 2014

1.4.5 Change 1 to AC 2B added acceptable means of compliance for the regulatory
changes associated wamendment 28.35.

1.4.6 AC 257C reduced the number of differentetweerthe FAA andEuropean Aviation
Safety Agencylighttestguides, provided acceptable means of compliance for the
regulatory changes associateith amendments 2807, 25109, 25113, 25115,
25-119 and 25123 to parR5, and included changes responding to safety
recommendations from the FAA and Natiofehnsportation Safety Board.

15 Related Documents

1.5.1 Orders.

The followingFAA orders are relateth the guidance ithis AC. The latest version of
each order at the time of publication of this AC is identified below. If any order is
revised after publicatioaf this AC, you should refer to the latest version for guidance,
which can be downloaded from the Internet at
https://www.faa.gov/regulations_policies/orders_notices/

9 Order 8100.&, Aircraft Certificationi Organizational Structure and Functigns
datedJuly 14, 2017

1 Order 8110.4Cwith Changes, Type CertificationdatedMarch 3, 2017

1.5.2 Advisory Circulars.
The followingFAA ACs are related to the guidance in this AC. The latest veddio
each AC at the time of publication of this AC is identified below. If any AC is revised
after publication of this AC, you should refer to the latest version for guidance, which
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can be downloaded from the Internet at
www.faa.gov/requlations policies/advisory circulars

AC 20-73A, Aircraft Ice Protectiondated August 16, 2006.

AC 20-124,Water Ingestion Testing for Turbine Powered Airplarzted
September 30, 1985.

1 AC 20-131A, Airworthiness Approval of Traffic Alert and Collision Avoidance
Systems (TCAS Il) and Mode S Transpondtated March 29, 1993.

1 AC 20-138D, with Change 2Airworthiness Approval of Positioning and
Navigation SystemslatedApril 7, 2016

1 AC 20-147A, Turbojet, Turboprop;Turboshaftand Turbofan Engine Induction
System Icing and Ice IngestiatatedOctober22, 2014

AC 20-161,Aircraft Onboard Weight and Balance Systedated Aprilll, 2008.

AC 20-168, Certification Guidance for Installation of NelBssetial, Non-Required
Aircraft Cabin Systems & Equipment (CS&HBated July2, 2010,

1 AC 21-29D, Detecting and Reporting Suspected Unapproved Pdatediuly 12,
2016

1 AC 21.10%1B, Establishing the Certification Basis of Changed Aeronautical
Products March 11, 2016

1 AC 259A, Smoke Detection, Penetration, and Evacuation Tests and Related Flight
Manual Emergency Proceduregated January 6, 1994.

AC 25-11B, Electronic FlightDisplays datedOctober7, 2014

1 AC 2512, Airworthiness Criteria for the Approvaif Airborne Windshear Warning
Systems in Transport Category Airplandated Novembez, 1987.

1 AC 2513, Reduced and Derated Takeoff Thrust (Power) Proceddedsd May 4,
1988.

1 AC 2515 Approval of Flight Management Systems in Transport Category
Airplanes, dated Novembez0, 1989.

1 AC 2517A, with Changel, Transport Airplane Cabin Interiors Crashworthiness
Handbook dated May24, 2016

1 AC 2520, Pressurization, Ventilation, and Oxygen Systems Assessment for
Subsonic Flight Including High Altitude Operati® dated Septembé&0, 1996.

1 AC 2522, Certification of Transport Airplane Mechanical Systentated
March 14, 2000.

1 AC 2523, Airworthiness Criteria for Installation Approval of a Terrain Awareness
and Warning System (TAWS) for Part 25 Airplamzged My 22, 2000.

1 AC 2525A, Performance anéHandling Characteristics itcing Conditions dated
October27, 2014
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AC 25.7351, Brakes and Braking Systems Certification Tests and Anatietisd
April 10, 2002.

AC 25.7731, Pilot Compartment View Design Considgons dated January 8,
1993.

AC 25.9391, Evaluating Turbine Engine Operating Characteristidated
March19, 1986.

AC 25.13091A, System Design and Analysiated June 21, 1988.

AC 25.13291C, with Changel, Approval of Flight Guidance Systendsated
May 24, 2016

AC 25.13571A, Circuit Protective Devicedated October 22, 2007.
AC 25.15811, with Changel, Airplane Flight Manual dated October 16, 2012.

AC 43.131B, with Change 1Acceptable Methods, Techniques, and Pracfices
Aircraft Inspection andRepair, dated September 27, 2001.

AC 90-100A, with Change?, U.S. Terminal and En Route Area Navigation (RNAV)
Operations datedApril 14, 2015

AC 90-101A, with Changel, Approval Guidance for RNP Procedures with,AR
datedFebruary9, 2016

AC 90-105A, Approval Guidance for RNP Operations and Barometric Vertical
Navigation in the U.S. National Airspace System and in Oceanic and Remote
Continental Airspacedated March 7, 2016.

AC 91-79A, with Change 1Mitigating the Risks of a Runway Overrun Upon
Landing datedApril 28, 2016.

AC 120-28D, Criteria for Approval of Category Il Weather Minima for Takeoff,
Landing, and Rolloytdated July 13, 1999.

AC 120-29A, Criteria for Approval of Category | and Category Il Weather Minima
for Approach dated August 12,002.

AC 150/532012C,with ChangeB, Measurement, Construction, and Maintenance
of SkidResistant Airport Pavement Surfacdated February, 2007.
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CHAPTER 2. GENERAL

2.1 Applicability 8 §25.1. [Reserved]

2.2 Special Retroactive Requirementd § 25.2. [Reserved]

2-1
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CHAPTER 3. FLIGHT: GENERAL

3.1 Proof of Complianced § 25.21.

3.1.1 Explanation.
In an effort to provide the necessary guidelines for the flight test evaluation of transport
category airplanes, without producing a cumbersome document, this AC assumes a
conventional transport airplane configtion. In general, a conventional airplane
configuration is one with distinct wing and fuselage elements that are joined together,
aft-mounted horizontal and vertical stabilizers that are attached to the fuselage, and
propulsion provided either by turbafirbofan engines that do not provide any
significant increase in lift due to their operation or engirnieen propellers. The effects
of nonconventional airplane configurations (e.g., blown flaps) on the compliance
methods should be evaluated and deteeohbased on the intent of the guidelines
presented for conventional airplane configurations.

3.1.2 Section 25.21(#&) Proof of Compliance.

3.1.2.1 The burden of showing compliance with the flight requirements for an
airworthiness certificate or a type certificate regith the applicant. The
applicant should, at his own expense and risk, conduct such official flight
tests as required by the FAA to demonstrate compliance with the
applicable requirements. During the certification process, the applicant
should make availdé the airplane, as well as all of the personnel and
equipment necessary to obtain and process the required data.

3.1.2.2 If the airplane flight characteristics or the required flight data are affected
by weight and/or center of gravity (CG), the compliance datst ime
presented for the most critical weight and CG position [25.81(a).
Unless the applicant shows that the allowable CG travel in one or more
axes (e.g., lateral fuel imbalance) has a negligible effect on compliance
with the airworthiness requiremsnthe applicant must substantiate
compliance at the critical CG.

3.1.2.3 The gross weight and CG tolerances specified in parag8pls3and
3.1.4.5are test tolerancemd are not intended to allow compliance to be
shown at less than critical conditions.

3.1.24 Section 21.35(a)(3) requires that the test airplane be in conformity with its
type design specifications. This means that the test airplane must be in
conformity with is type design specification as it relates to the particular
test being conducted. Any deviation from conformity must be clearly
shown to be of no consequence to the particular test being conducted. For
example, if the slip resistant escape surface reqbye&5.810(c) is not
installed when conducting airplane performance and flight characteristics



05/04/18

3.1.25

3.1.2.6

3.1.2.6.1

3.1.2.6.2

3.1.2.6.3

AC 257D

tests, the applicant must show that its presence would have no effect on
measured airplane performance and flight characteristics.

Section 21.35(b)(2) requirdise applicant to conduct sufficient flight

testing the FAA finds necessary to determine whether there is reasonable
assurance that the airplane, its components, and its equipment are reliable
and function properlyAppendixB to this AC provides guidance for

showing compliance with this requirement.

Acceptable Use of Simulation irLieu of Flight Testing.

It is difficult to establish guidance for using simulation in lieu of flight
testing that appl®in all situations. However, the following general
principles can be used as guidance for determining the acceptability for
using simulation in lieu of flight testing:

In general, flight test demonstrations are the preferred method to show
compliance.

Simulation may be an acceptable alternative to flight demonstrations in
certain situations, such as the following:

1. Aflight demonstration would be too risky even after attempts are
taken to mitigate these risks (e.g., by mock takeoffs/landings in the air
at asafe altitude);

2. The required environmental or airplane conditions are too difficult to
attain, such afl) validation of system safety analyses failure cases
involving high crosswindg2) development of crosswind guidance for
slippery runway operationand(3) conditions involving minimum
allowable weight where the minimum allowable weight cannot be
achieved because of the weight of required test equipment. I(33ase
simulation data can be used to supplement flight test data obtained at
the minimum pacticable test weight.

3. The simulation is used to augment a reasonably broad flight test
program; or

4. The simulation is used to demonstrate repeatability, or to demonstrate
performance of a specific scenario for a range of pilots.

Simulation Criteria.

If it is agreed that a simulation will be used to establish complitmae,
the simulation should meet the following criteria in ordebe acceptable
for showing compliance with the performance and handling qualities
requirements:

1. The simulation shouldebofa type and fidelity that is appropriate for
the task. For example, is motion or an exterior view needed, or is the
fidelity or customizability of an engineering simulator needed?
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2. The simulation shouldebsuitably validated by flight test data for the
condtions of interest. This does not mean that there must be flight test
data at the exact conditions of interest. The reason simulation is being
used may be that it is too difficult or risky to obtain flight test data at
the conditions of interest. The lewdlsubstantiation of the simulator
to flight correlation should be commensurate with the level of
compliance (i.e., the closer the case is to beingaoompliant, the
higher the required fidelity of the simulation).

3. The simulation shouldébconducted in enanner appropriate to the
case and conditions of interest. If clodedp responses are important,
the simulation should be piloted by a human pilot. For piloted
simulations, the controls/displays and cues should be substantially
equivalent to what wouldebavailable in the real airplane (unless it is
determined that not doing so would provide added conservatism).

Section 25.21(@ Proof of Compliance (Altitude Effect on Flight Characteristics).

3.1.31

3.1.3.2

Any of the flying qualities affected by altitude, including totiability,
stability, trim, and stall characteristics, must be investigated at the most
adverse altitude conditions approved for operations.

Consideration should be given in the test program to any aerodynamic
control system changes that occur with @emin altitude (e.g., maximum
control surface displacement or auto slats that may be inhibited by Mach
number above a specific altitude).

Section 25.21(d) Proof of ComplianceFlight Test Tolerances.

3.14.1

3.1.4.2

3.1.4.3

3.1431

To allow for variations from precise test values, ataigle tolerances

during flight testing must be maintained. The purpose of these tolerances
is to allow for small variations in flight test values of certain variables
from the targeted value. They are not intended for compliance tests to be
planned for otlr than the critical condition, nor are they to be considered
as an allowable measurement error.

Where variation in the parameter for which a tolerance is allowed will

have an effect on the results of the test, the results should be corrected to
the most dtical value of that parameter within the approved operating
envelope. If such a correction is impossible or impractical, the average test
conditions should assure that the measured characteristics represent the
actual critical value.

Weight Limits.

Table3-1 below presents weight tolerances that have been found
acceptable for the specified flight tests. Many flight tests need to be
conducted at or very near the maximum operating weight for the airplane
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configuraton, particularly those tests used to establish airplane flight
manual (AFM) performance information. As noted in parag@fht.1

above, the purpose of the test tolerances is to allow for variations in flight
test values, not to routinely schedule tests at less than critical weight
conditions or to allow compliance to be shown at less than the critical
weight condition. In addition, the tolerances can be used to help determine
when to interrupt a series of tesinditions in order to refuel the airplane

if necessary to remain within the acceptable weight tolerance.

Table 3-1. Weight Tolerance Limits

Weight Tolerance Limit

Flight Test Condition +5% +10%

Stdl Speeds X

Stall Characteristics X
All Other Flight Characteristics X
Climb Performance
Takeoff Flight Paths
Landing Braking Distance
Landing Air Distance
Takeoff DistanceandSpeed
AccelerateStop Distance

X X X X X X X

Maximum Energy RT®
Minimum Unstick Speed X
Minimum Control Speed X

Note: A -5 percent tolerance limit means that the weight for the particular t
may be up to 5 percent less than the test target value. A +5 percent tolera
limit means that the weight for thergiaular test may be up togercent higher
than the test target value.

31432 1t can be difficult or i mpossibl e
minimum allowable weight with an airplane configured for conducting a
flight test program. If the minimum weigbannot be obtained (within the
specified tolerance limit) and compliance at the minimum weight cannot
be clearly deduced from the results at the tested weight, the testing should
be conducted on a production airplane (or other airplane on which the
minimum weight can be obtained). If the instrumentation or equipment
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needed to conduct safe testing cannot be installed on the production
airplane configuration, or the weight of such instrumentation still prevents
the minimum weight from being obtained, consittee use of simulation

to extend the results obtained at the minimum practical test weight. (See
paragrapl8.1.2.60f this AC)

For follow-on airplane certification programs involving an increase in the
maximumallowable gross weight, the test weight limitdaible3-1 have
been applied as extrapolation limits on the original test data in order to
minimize additional testing. For the test weight tolerancedina be

applied in this manner, the original test data must be from an existing
certificated database for an aerodynamically similar model of the same
airplane type. The tolerance limit should be applied to the maximum
weight at which the original testingas conducted, not to the maximum
certified weight.

Equivalent Weight Extrapolation Limits.

For follow-on airplane certification programs where it is desired to
increase a maximum operating weight based on existing certified
performance parameters that/baveight as one of their independent
terms, those parameters should be examined for equivalent compliance
with the weight tolerance limits ¢éble3-1. An example would be the
reduct i on oldnding flap positrom 1o ane appreved on a
similar model of the same airplane type, which would incur an increase in
landing speeds and brake energy, relative to the original certificated
landing flap, at any given weight. The brake energy, at the maximu
certificated landing weight, should be calculated for the reduced landing
flap. This brake energy should account for the increased landing speeds
and reduced aerodynamic drag associated with the reduced flap setting. It
should then be determined what egilent gross weight would have
rendered that brake energy with the original landing flap. fi§ese 3-1
belowfor an example of how this can be doriéthe resulting equivalent
gross weight does nekceed the certificated maximum landing weight by
more than the five percent weight extrapolation limit specified in
table3-1, the reduced flap certification may be eligible for a reduced flight
test prgram (e.g., limited to stall speed verification, handling
characteristics, and a qualitative landing demonstration). Further
limitations may be imposed by the criteria of technical standard order
(TSO) C135aTransport Airplane Wheels and Wheel and Brake
Assembliesdated Julyl, 2009.

3-5
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Figure 3-1. Equivalent Weight Extrapolation

& G.W. Not greater than 5%

Max. Landing
fiEquivalento Gros

3.14.4

3.1.45

3.1.4.6

Gross Weight - Pounds

Wind Limits .

A wind velocity limit of 10 knots (from any direction) or 0.1%r{

(whichever is lowe) is considered the maximum acceptable for obtaining
valid takeoff and landing flight test data. Takeoff and landing performance
data obtained under runway wind conditions greater tHarots may be
inconsistent and unreliable because winds of that matgare likely to

be unsteady. However, performance data obtained with winds between 5
and 10 knots should not necessarily be discarded. Their validity should be
checked against data obtained in conditions with lesser winds. Wind
velocity should be measent at the height of the wing mean aerodynamic
chord (MAC), as determined with the airplane in a static ground attitude.
When measuring test wind velocity at the wing MAC height, a height of
six feet above the ground should be considered as a minimum
measuement height to avoid possible measurement inaccuracies due to
surface interference.

CG Limits.

A test tolerance at7 percent of the total CG range is intended to allow

for inflight CG movement. This tolerance is only acceptable when the test
data scatteis on both sides of the limiting CG or when adjusting the data
from the test CG to the limit CG is acceptable. If compliance with a
requirement is marginal at a test condition that is inside of the CG limits,
the test should be repeated at the CG limits.

Airspeed Limits.

Normally, tests conducted within 3 percent &ndts (whichever is the
higher) of the desired test speed are considered acceptable.

3-6
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Thrust/Power Limits .

Thrust critical tests, such as minimum control speeds, should be conducted
at the hidpest thrust (or power) allowable on the engine given the
constraints of temperature and altitude. It is then permitted to calculate
further corrections to allow extrapolation of data to cover the entire
operating envelope. These thrust (or power) cormestaiould be limited

to 5 percent of test day thrust (or power), unless a detailed analysis is
performed.

It is not the purpose of these tolerances to allow flights at values in excess

of those authorized in the type design. If such flights are to be ctatju
adequate structural substantiation for the flight conditions should be
available. These flights should always be conducted under controlled
conditions and with the flight test
Examples of such flights are

Takeoff at greater than maximum takeoff weight to reach a test area at the
maximum takeoff weight.

Landing at greater than maximum landing weights during the course of
conducting takeoff tests.

Flights to obtain data for future approvals beyond that subgtohfiar the
initial type design.

Table3-2 below indicates the cases for which corrections are normally
allowed. Any corrections to flight test data should be made by methods
that are agreed to by the FAA.

3-7
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Table 3-2. Test Parameters that Normally can be Corrected

Correctable Parameters

Power/
Flight Test Condition Weight CG  Airspeed Altitude Thrust Wind
Airspeed calibration X
Stall speeds X X X
Climb performance X X X X X
Landing performance X X X X
Takeoff performance X X X X X
Acceleratestop performance X X X X X
Minimum control speed X
Minimum unstick speed X X X X
Buffet boundary X X X
3.1.4.9 All instrumentation used in the flight test program should be appropriately
calibrated and acceptable to the FAA test team.
3.1.5 Section 25.21(f Proof of ComplianceWind Measurement and Corrections.

3.151 The relationship between tiend measured at one height and the
corresponding wind at another height may be obtained by the following
equation:

W w 0jo 7
Where:

0 OQ@WOH®E M 6 & 0iddl "QHwQ
W W QEWQ A ¢ BQO
W WQEINQ A £ DQO w
3.1.5.2 This equation is presented graphically beldvtalues of H less #n Sfeet
should not be used in this relationship.
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Figure 3-2. Wind Profile Variation
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3.1.6  Wind Profile Variation for Test Data
The performance data of airplanes should be obtained in such a mannex #fedh
of wind on the test data may be determined. The test wind velocity should be corrected
from the recorded height above the test surface to the height of the airplane wing mean
aerodynamic chord. If the wind profile variation is not measured, thigiom may be
calculated using the equation in paragrdgh5above. The following examples are
methods of handling wind profile variation data. Other methods have also been found
acceptable.
Example: Test Dat
Given:
1 Height of mearaerodynamichord with airplane on surface 8.0 feet
1 Height of wind measurement 6.0 feet
1 Measured wind velocity 4.8 knots
Results:
1 Test wind velocity with airplane 50 feet above landing 4.8((50 + 8)/6Y" = 6.6
surface knots
1 Test wind velocity with airplane 35 feet above takeoff 4.8((35+8)/6Y'=6.4
surface knots
{ Test wind velocity with airplane on surface 4.8(8/6}'" = 5.0 knots

3-9



05/04/18 AC 257D

3.1.7 Wind Profile Variation for AFM Data

When expanding the data to the AFM conditions, the rebigluld include the effective

vel ocity, at the airplaneds wing mean aerc
wind conditionas measured at 10 meters (3Zéxt) above the takeoff surface, and

corrected for the wind factors of2%.105(d)(1).

Example:AFM Data

Given:

1 Height of mean aerodynamic chord with 8.0 feet
airplane on surface

1 Reported headwind at 10 meters 40.0 knots

1 Section 25.105(d)(1) wind factor 0.5

Results:

1 Factored wind velocity with airplane 50 feet  (0.5)(40)((® + 8)/32.81Y" = 21.7 knots
above landing surface

1 Factored wind velocity with airplane 35 feet  (0.5)(40)((35 + 8)/32.81Y = 20.8 knots
above takeoff surface

{1 Factored wind velocity with airplane on surfac (0.5)(40)(8/32.81" = 16.3 knots

3.1.8 Airplane Airspeed Variation Du® Wind ProfileVariation Combined ith Speed
Changes Due to Airplane Dynamic Performance

In the reduction of test data and in the expansion of such data to AFM conditions, the
increase or decrease of speed due to the dynamic effect of the forcesiopléine are

shown only by the change in ground speed. These changes in ground speed may be
generalized either as speed increments or speed ratios. The changes in airspeed due to
wind profile variation are superimposed on these speed changes.

Example:Detegmination of True Airspeed from Ground Spée@lakeoff Test Data

Given:

1 Ground speed at liftoff, \or 139.0 knots
1 Ground speed at 35 feet above takeoff surface 140.6 knots
1 Speed change due to airplane dynamic performance 1.6 knots
1 Test headwind at liftid 5.0 knots
1 Test headwind with airplane 35 feet above takeoff surf 6.4 knots
Results:

1 True airspeed at liftoff, Vor 139.0 + 5.0 = 144.0 knof
1 True airspeed at 35 feet above takeoff surface 140.6 + 6.4 147.0 knot

3-10



05/04/18

AC 257D

Example: Determination of Rotaili Speed from True Airspeed atBbot Heighdd AFM Data

Given:

{ Factored headwind at liftoff

1 Factored headwind with airplane 35 feet above takeoff surt
{1 Ground speed change,#M Vior)

1 Ground speed change, ®3¢71 VR)

1 True airspeed required at 35 feet

Results:

1 Ground speed required at 35 feet

1 Ground speed at liftoff

1 True airspeed at liftoff

1 Ground speed at rotation

1 True airspeed at rotation (for AFM speed and distances)

16.3 knots
20.8 knots
1.6 knots
0.5 knots
150.0 knots

150- 20.8 = 129.2 knot
129.2- 1.6 = 127.6 knot
127.6 + 16.3 = 143.9 kno
127.6- 0.5 = 127.1 knot
127.1+16.3 = 143.4 knol

Example: Landing AFM Data

Given:

1 Factored headwind with airplane 50 feet above landing sur
1 Factored headwind with airplane @ntling surface

1 Ground speed change for 50 feet to touchdowd {\W1p)

1 True airspeed required at 50 feet

Results:

1 Ground speed at 50 feet
1 Ground speed at touchdown
1 True airspeed at touchdown

21.7 knots
16.3 knots
4.0 knots
130 knots

130- 21.7 = 108.3 knot
108.3- 4.0 = 104.3 knot
104.3 + 16.3 = 120.6 kno

3.1.9 Expansion of Takeoff and Landing Data for a Range of Airport Elevations.
3.19.1 These guidelines apply to expanding AFM takeoff and landing data above
and below the altitude at which the airplane takeoff andian
performance tests are conducted.
3.1.9.2 Historically, limits were placed on the extrapolation of takeoff data. In the

past, takeoff data could generally be extrapolated 6,000 feet above and
3,000 feet below the test field elevation when proven testing dad da
reduction methods were used. For extrapohs beyond these limits, a
2 percent takeoff distance penalty was to be applied for every additional
1,000 feet extrapolation. Such limitations were generally not applied to

311
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extrapolation of landing data, prided the effect of the higher true
airspeed on landing distance was taken into account.

Since then, considerably more experience has since been gained both in
terms of modeling airplane and propulsion system (i.e., turbine engines
and propellers, where ammpriate) performance and in verifying the
accuracy of these models for determining high (and low) altitude takeoff
and landing performance. This experience has shown that the soundness of
the extrapolation is primarily a function of the accuracy of tiogyision
system performance model and its integration with the airplane drag
model. The basic aerodynamic characteristics of the airplane do not
change significantly with altitude or ambient temperature, and any such
effects are readily taken into accotmytstandard airplane performance
modeling practices.

As a result, with installed propulsion system performance characteristics
that have been adequately defined and verified, airplane takeoff and
landing performance data obtained at one field elevationbmay
extrapolated to higher and lower altitudes within the limits of the
operating envelope without applying additional performance
conservatisms. It should be noted, however, that extrapolation of the
propulsion system data used in the determination aidhtian of
propulsion system performance characteristics is typically limited to
3,000feet above the highest altitude at which propulsion system
parameters were evaluated for the pertinent power/thrust setting. (See
paragrapht.1of this AC for more information on an acceptable means of
establishing and verifying installed propulsion system performance
characteristics.)

Note that certification testing for operationadrports that are above
8,000feet should o include functional tests of the cabin pressurization
system in accordance with paragr&thl.2.3of this AC. Consideration
should be given to any sensitivity to, or dependency upon airport altitude,
such asengine and auxiliary power unit (APU) starting, passenger
oxygen, autopilot, autoland, autothrottle system power/thrust
set/operation.

3.1.10 Tailwind Takeoff and Landing.

3.1.10.1

Wind Velocities of 10 Knots or Less

Approval may be given for performance, controllapjland engine
operating characteristics for operations in reported tailwind velocities up
to 10 knots without conducting additional flight tests at specific wind
speeds.
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Wind Velocities Greater than 10 Knots.

Performance

It is considered that takeoff,jeeted takeoff, and landing distances,
measured in tailwind conditions greater than 10 knots, are unreliable for
use in determining airplane performance. Wind conditions of such
magnitude are generally not sufficiently consistent over the length of the
runway or over the time period required to perform the test maneuver. The
150 percent operational tailwind factor, required by2§8.05(d)(1) and
25.125(f), provides a satisfactory level of safety for operation in tailwinds
up to 15 knots when using AFM ddiased on flight tests in nominally

calm wind conditions.

Note: The design requirements of § 25.48yel landing conditionsalso
require the effects of increased contact speeds to be investigated if
approval for landings with tailwinds greater than 10 kr®tdesired.

Control Characteristics

The test tailwind velocity for demonstrating handling qualities should be
eqgual to the proposed limit tailwind factored by 150 percent. The intent of
the 150 percent factor is to provide adequate margin for wind vawyabil
operations, including currency of the wind data, averaging of the data by
the measuring and reporting method, and the highly variable nature of
higher wind conditions. Therefore, the test wind condition of 150 percent
of the proposed tailwind limghould be an averaged or smoothed wind
speed, not a peak wind speed. Airplane control characteristics should be
evaluated under the following conditions with the CG at the aft limit and
the test mean tailwind velocity equal to the proposed limit tailwind
factored by 150 percent:

1. Takeoff. Both aHenginesoperating ad oneengineinoperative
(i.e.,with a simulated failure of the critical engine at the engine failure
speed) takeoffs should be evaluated at a light weight with maximum
approved takeoff flap dieiction.

2. Landing. Approach and landing at light weight with maximum
approved landing flap deflection.

3. Determination of the increased ground speed effect on gear vibration
or shimmy, and flight director, or autopilot instrument landing system
(ILS) approachs, terrain awareness warning system (TAWS) sink rate
modes, etc.

4. If engine idle power or thrust is increased to account for the increased
tailwind velocity, ensure that deviations above the glideslope are
recoverable.
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Weight Limits

Consistent with the griirements of 825.105(d)(1) and 25.125(f), the
maximum takeoff and maximum quick turnaround weights should be
determined using brake energies and tire speeds, as appropriate, calculated
with the limit tailwind velocity factored by 150 percent.

Engine Opeating Characteristics

Satisfactory engine operation should be demonstrated at the limit tailwind
velocity factored by 150 percent. The demonstrations should include:

1. Zero groundspeed operation.

2. Takeoff power or thrust setting procedure used for AFM perdnce
(typically completed by approximately 80 knots), both manually and
automatically (autothrottle).

3. Reverse thrust operations.

Airplane Flight Manual

The AFM should contain a statement that the limitation for tailwinds
greater than 10 knots reflecteetcapability of the airplane as evaluated in
terms of airworthiness but does not constitute approval for operation in
tailwinds exceeding 10 knots.

The performanceelated flight test procedures are discussed in the
following paragraphs of tRiAC:

1 Paragrapl.2 Takeoff and Takeoff Speedls88 25.105 and 25.107.
Paragrapld.3, AccelerateStop Distancé 8§ 25.1009.

Paragrapld.4, Takeoff Path § 25.111.

Paragrapld.5, Takeoff Distance and Takeoff Rarg 25.113.
Paragrapld.6, Takeoff Flight Path § 25.115.

Paragraptd.7, Climb: Generad §25.117.

Paragrapt.8, Landing Climb: AlFEnginesOperating § 25.119.
Paragrapt.9, Climb: OneEnginelnoperativé § 25.121.
Paragrapt#.10 En Route Flight Patlds § 25.123.

Paragrapt.11, Landingd § 25.125.

= =4 =4 4 -4 A -5 -2 -2

Performance Data for Multiple Flap or Additional Flap Positions.

If approval of performance data is requested for flap settings at which no
test data are availabldg data may be obtained from interpolation of
flight data obtained at no less than four flap settings that are within a
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constant configuration of other lift devices. If the span of flap settings is
small and previously obtained data provide sufficienticenice (i.e., the
shaps of the curves are known and lend themselves to accurate
interpolation), data from three flap settings may be acceptable.

3.1.11.3 Flight Characteristics for Abnormal Configurations.
See§ 25.671(c)

3.1.11.3.1 For purposes of this AC, an abnormal ¢guafation is an operational
configuration that results from any single failure or any combination of
failures not shown to be improbable.

3.1.11.3.2 Flight characteristics for abnormal configurations may be determined by
test or analysis to assure that the airplareapable of continued safe
flight and landing. Flight tests, if required, should be conducted at the
critical conditions of altitude, weight, CG, and engine power or thrust
associated with the configuration, and at the most critical airspeed
between themeed reached one second after stall warning occurs (see
paragrapl8.1.5.2.80f this AC) and the maximum operating airspeed for
the configuration.

Load Distribution Limits & §25.23. [Reserved]

Weight Limits and Center of Gravity Limits 8 8825.25 and 25.27. [Reserved]

Empty Weight and Corresponding Center of Gravityd § 25.29. [Reserved]

Removable Ballasd § 25.31.

Explanation.
None.

Procedures.

Ballast may be carried during the flight tests whenever it is necessachigve a

specific weight and CG location. Consideration should be given to the vertical as well
as horizontal location of the ballast in cases where it may have an appreciable effect on
the flying qualities of the airplane. The strength of the suppostiugtures should be
considered in order to make sure they do not fail as a result of the anticipated loads that
may be imposed during the particular tests. As required2iy3b(a), applicants must

show that these structures comply with the applicabletsiral requirements of part 25
before conducting flight tests with these structures in place.
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3.6 Propeller Speed and Pitch Limit® § 25.33.

3.6.1 Explanation.
None.

3.6.2 Procedures.

The tachometers and the airspeed indicating system of the test airplane should have
been calibrated within the last six months. With that prerequisite satisfied, the following
should be accomplished:

3.6.2.1 Determine that the propeller speeds and pitch settings are safe and
satisfactory during all tests that are conducted in the flight test program
within the certification limits of the airplane, engine, and propeller. This
includes establishing acceptable low pitch (flight idle) blade angles on
turbopropeller airplanes and verifying that propeller configurations are
satisfactory at Mo/Mwo to prevaat propeller overspeed.

3.6.2.2 Determine that the propeller speeds and pitch settings are safe and
satisfactory during all tests that are conducted to satisfy the performance
requirements.

3.6.2.3 With the propeller governors operative and the propeller controls in full
high revolutions per minute (RPM) position, determine that the maximum
takeoff power settings do not exceed the rated takeoff RPM of each engine
during takeoff and climb at the best ratieclimb speed.

3.6.24 With the propeller governors made inoperative by raa@al means,
determine the maximum power,-mond, static RPMs. With the propeller
governors operating on the low pitch stop, the engine speeds must not
exceed 103 percent of the maximum allowable takeoff RPM or 99 percent
of an approved maximum overspead required by 85.33(c). On
turbopropeller engines, the engine speeds should not exceed the maximum
engine speeds allowed by engine and propeller type designs. Note which
systems were disabled and how the disablement was done. If maximum
takeoff powetorque or sea level standard conditions cannot be obtained
on the test day, correct the data to these conditions by an acceptable
means. A newind condition is considered to be a wind of 5 knots or less.
The static RPM should be the average obtained wdliheat crosswind
from the left and a direct crosswind from the right.

3.6.2.5 If the above determinations are satisfactory, then measure thattdw
stop setting and the highitch stop setting. These data may have been
obtained from the propeller manufactuaeid may be used, provided the
pitch stops have not been changed since the manufacturer delivered the
propeller. If measured, the blade station should be recorded. Include these
blade angles in the type certificate data sheet.
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CHAPTER 4. FLIGHT: PERFORMANCE

41 Generald §25.101.

411 Explanationof Propulsion System Behavior.

Section 25.101(c) requires that airplane perform@nogrespond to the propulsive

thrust available under the particular ambient atmospheric conditions, the particular
flight conditiongetemdhe(iprepul sumoimi ne eng
where appropriate) installed performance characteristics are primarily a function of

engine power or thrust setting, airspeed, propeller efficiency (where applicable),

altitude, and ambient temperature. Detere the effects of each of these variables to

establish the thrust available for airplane performance calculations.

4.1.2 Procedures.

4121 The intent is to develop a model of propulsion system performance that
covers the approved flight envelope. Further, it shbaldhown that the
combination of the propulsion system performance model and the airplane
performance model is validated by the takeoff performance test data,
climb performance tests, and tests used to determine airplane drag.
Installed propulsion systenegormance characteristics may be
established via the following tests and analyses:

1 Steadystate engine power (or thrust) setting versus power (or thrust)
testing. See paragraghl.2.2

1 Lapse rate takeoff tesy to characterize the behavior of power or
thrust setting, rotor speeds, propeller effects (i.e., torque, RPM, and
blade angle), or gas temperature as a function of time, thermal state, or
airspeed, as appropriate. See paragdapl2.3

1 Power/thrust calculatiosubstantiation. See paragra$i.2.4
1 Effects of ambientemperature. See paragrapti.2.5

4122 SteadyState Engine Power (or Thrust) Setting versus Power (or
Thrust) Testing.

Engines should be equipped with adequate instrumentation to allow the
determination of thrust (or power). Data should be acquired in order to
validate the model, including propelimrstalled thust, if applicable, over

the range of power or thrust settings, altitudes, temperatures, and airspeeds
for which approval is sought. Although it is not possible to definitively list

or foresee all of the types of instrumentation that might be considered
adequate for determining thrust (or power) output, two examples used in
past certification programs are (1) engine pressure rakes, with engines
calibrated in a ground test cell, and (2) fan speed, with engines calibrated
in a ground test cell and the calibbom data validated by the use of a

flying test bed. In any case, the applicant should substantiate the adequacy
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of the instrumentation to be used for determining the thrust (or power)
output.

41.2.3 LapseRate Takeoff Testing toCharacterize theBehavior of Power or
Thrust Setting, Rotor Speeds,Propeller Effects, or Gas Temperature
as aFunction of Time, Thermal State, or Airspeed.

These tests should include the operation of an automatic takeoff thrust
control system (ATTCS), if applicable, and should coverdmge of
power or thrust settings for which approval is sought.

4.1.2.3.1 Data for higher altitude power or thrust settings may be acquired via
overboost (i.e., operating at a higher than normal power or thrust setting
for the conditions) with the consent of the ir@gand propeller
manufacturer(s), when applicable. When considering the use of overboost
on turbopropeller propulsion system installations to stimulate higher
altitude and ambient temperature range conditions, the capability to
achieve an appropriate sifation should be evaluated based on the engine
and propeller control system(s) and aircraft performance and structural
considerations. Engine (gearbox) torque, rotor speed, or gas temperature
limits, including protection devices to prohibit or limit excaedes, may
prevent the required amount of overboost needed for performance at the
maximum airport altitude sought for approval. Overboost may be
considered as increased torque, reduced propeller speed, or a combination
of both, in order to achieve the appriate blade angle for the higher
altitude and ambient temperature range simulation. Consideration for
extrapolations will depend on the ap
turbopropeller propulsion system simulated test conditions.

4.1.2.3.2 Lapse rate chartaristics should be validated by takeoff demonstrations at
the maximum airport altitude for which takeoff approval is being sought.
Alternatively, if overboost (see paragragibove) is used to simulate the
power or thrust setting parameters of the maxinainport altitude for
which takeoff approval is sought, the takeoff demonstrations of lapse rate
characteristics can be performed at an airport altitude up to 3,000 feet
lower than the maximum airport altitude.

4124 Power/Thrust Calculation Substantiation.

Instdled power or thrust should be calculated via a mathematical model of
the propulsion system, or other appropriate means, adjusted as necessary
to match the measured inflight performance characteristics of the installed
propulsion system. The propulsion ®m mathematical model should

define the relationship of power or thrust to the power or thrust setting
parameter over the range of power or thrust settings, airspeeds, altitudes,
and temperatures for which approval is sought. For turbojet airplanes, the
propulsion system mathematical model should be substantiated by ground
tests in which thrust is directly measured via a calibrated load cell or
equivalent means. For turbopropeller airplanes, the engine power
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measurement should be substantiated by a cedidbynamometer or
equivalent means, the engine jet thrust should be established by an
acceptable engine model, and the propeller thrust and power
characteristics should be substantiated by wind tunnel testing or equivalent
means.

4.1.2.5 Effects of Ambient Temperature.

The flight tests of paragraphl.2.20of this ACwill typically provide data

over a broad range of ambient temperatures. Additional data may be
obtained from other flight or ground tests of the same t¢yseries of

engine. The objective is to confirm that the propulsion system model
accurately reflects the effect of temperature over the range of ambient
temperatures for which approval is being sought (operating envelope).
Because thrust (or power) da&ncusually be normalized versus
temperature using either dimensionless variables (e.g., theta exponents or
a thermodynamic cycle model), it is usually unnecessary to obtain data
over the entire ambient temperature range. There is no needed to conduct
addiional testing if:

1 The data show that the behavior of power or thrust and limiting
parameters versus ambient temperature can be predicted accurately,
and

1 Analysis based upon the test data shows that the propulsion system
will operate at rated power or thtusithout exceeding propulsion
system limits.

4.1.2.6 Extrapolation of propulsion system performance data to 3,000 feet above
the highest airport altitude tested (but no higher than the maximum takeoff
airport altitude to be approved) is acceptable, providedujeosting
data, including flight test and propulsion system operations data (e.qg.,
engine and propeller control, limits exceedance, and surge protection
devices scheduling), substantiates the proposed extrapolation procedures.
Considerations for extrapolab n depend upon an applic
determination, understanding, and substantiation of the critical operating
modes of the propulsion system. This understanding includes a
determination and quantification of the effects that propulsion system
installation andrariations in ambient conditions have on these modes.

4.2 Takeoff and Takeoff Speedd 88 25.105 and 25.107.

4.2.1 Explanation.
Section 25.105 specifies the conditions that must be considered in determining the
takeoff speeds, accelera®p distances, takeoff patakeoff distance, and takeoff run
in accordance with part 25 requirements. The primary objective of the takeoff tests
required by 8 25.107 is to determine the takeoff speeds for all takeoff configurations at
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all weight, altitude, and temperature conditianithin the operational limits selected by
the applicant.

ProceduresGeneral

4221

4222

42.2.3

Section 25.105(c)(1) requires the takeoff performance data to be
determined for smooth, dry and wet, hatwdfaced runways.

Paragrapld.3of this AC describes methods for determining the
acceleratestop distances required by 8§ 25.109. Paragdaptescribes
methods for determining the takeoff distance and takeoff run required by
§25.113.

In accordance with 85.101(f), testing for determining the accelesstap
distances, takeoff flight paths, and takeoff distances should be
accomplished using procedures established by the applicant for operation
in service. In accordance with 825.101¢thgse procedures must be able

to be consistently executed in service by crews of average skill, use
methods or devices that are safe and reliable, and include allowances for
any time delays in the execution of the procedures that may reasonably be
expectedn service. These requirements prohibit the use of exceptional
piloting techniques, such as higher control force inputs or higher pitch
rates than would occur in operational service, from being used to generate
unrealistic takeoff distances. The intentlodse requirements is to

establish takeoff performance representative of that which can reasonably
be expected to be achieved in operational service.

Attention should be paid to all potential sources of airspeed error, but
special consideration should gen to airplanes with electronic
instruments in the cockpit that apply electronic filtering to the airspeed
data. This filtering, which causes a time delay in the airspeed indication,
can be a source of significant systematic error in the presentation of
airspeed to the flightcrew. With normal takeoff acceleration, the airplane
will be at a higher speed than is indicated by the cockpit instrument, which
can result in longer distances than are presented in the AFM, particularly
in the event of a rejectedkeoff near the indicated;\68peed. The effects

of any time delays caused by electronic filtering, pneumatic system lag, or
other sources should be adequately addressed in the AFM speed and
distance presentations. Further explanation of airspeed lagubautiy
pertaining to airplanes with electronic instruments in the cockpit, and
procedures for calibrating the airspeed indicating syste2b.(823(b))

are presented in paragrap®.3of this AC.

ProceduresSection 25.107(a)(Xd Engine Failure Speed £¥).

The engine failure speed €Y is defined as the calibrated airspeed at which the critical
engine is assumed to fail and must be selected by the appligactnhot be less than
the ground minimum control spd (Maca).
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424 ProceduresSection 25.107(a)(d) V1.

V1 may not be less thang¥plus the speed gained with the critical engine inoperative
during the time interval between:sMand the instant at which the pilot takes action after
recognizing the engine failer This is indicated by pilot application of the first
deceleration means such as brakes, throttles, spoilers, etc. during acsébgrédsts.

The applicant may choose the sequence of events. Refer to paragapthis AC,
addressing 85.109, for a more complete description of rejected takeoff (RTO)
transition procedures and associated time delays.

4.2.5 ProceduresSection 25.107 (&) Minimum Takeoff Safety Speed fMin).

4251 Vamin, in terms of calibrated airspeazinnot be less than
4.25.1.1 1.1times the Mc defined in § 25.149.

4.25.1.2 1.13times érfor two-engine and threengine turbopropeller and
reciprocating engin@owered airplanes and for all turbojet airplanes that
do not have provisions for obtaining a sigrafit redation in the
one-engineinoperative powepn stalling speed (i.e., boundary layer
control, blown flaps, etc.). The value oMo be used in determining
Vamin is the stall speed in the applicable takeoff configuration, landing
gear retracted, except fdrdse airplanes with a fixed landing gear or for
geardown dispatch.

4.25.2 Vaomin may be reduced to 1.08 timespfor turbopropeller and
reciprocating engin@owered airplanes with more than three engines, and
turbojet powered airplanes with adequate provisionslibtaining
significant poweton stall speed reduction through the use of such things
as boundary layer control, blown flaps, etc.

4.2.5.3 For propellerdriven airplanes, the difference between the two margins,
based upon the number of engines installed on thaag, is because the
application of power ordinarily reduces the stalling speed appreciably. In
the case of the twengine propelledriven airplane, at least half of this
reduction is eliminated by the failure of an engine. The difference in the
required factors therefore provides approximately the same margin over
the actual stalling speed under the peaerconditions that are obtained
after the loss of an engine, no matter what the number of engines (in
excess of one) may be. Unlike the propetlaven airplane, the
turbojet/turbofan powered airplane does not show any appreciable
difference between the powen and powenff stalling speed. This is due
to the absence of the propeller, which ordinarily induces a slipstream with
the application of powezausing the wing to retain its lift to a speed lower
thanthepoweo f f st alling speed. The applic
speeds specified will influence the nature of the testing required in
establishing the takeoff flight path.

45
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426 ProceduresSection 25107(cp Takeoff Safety Speed (V.

42.6.1 V2 is the calibrated airspeed that is attained at or before the airplane
reaches a height of 36et above the takeoff surface after an engine failure
at Ver using an established rotation speed)(\From the liftoff poin, the
takeoff surface extends to the end of the takeoff distance continuing at the
same slope as the runway. During the takeoff speeds demonstration, V
should be continued to an altitude sufficient to assure stable conditions
beyond the 3500t height. \4 cannot be less tharpMin. In addition, \4
cannot be less than the liftoff speedp™ which is defined in 85.107(f).

In accordance with 85.107(c), ¢ in terms of calibrated airspeed may not
be less than ¥plus the speed increment attained befesehing a height
of 35 feet above the takeoff surface and a speed that provides the
maneuvering capability specified ir2.143(h). In addition,
§25.111(c)(2) stipulates that the airplane must readbefore it is 35eet
above the takeoff surface anahtinue at a speed not less tharuwtil it

is 400 feet above the takeoff surface. These requirements were first
expressed in Special Civil Air Regulation No.-8R2, Turbine Powered
Transport Category Airplanes of Current Desi@R-422A),
paragraphdT.114(b)(4) and (c)(3) and 4T.116(e). The concern that the
regulation change was addressing was the overshootattey liftoff

under the previous requirement that the airplane attaomyor near, the
ground. The intent of the current requirement iallow an acceleration to
V. after liftoff but not to allow a decrease in the field length required to
attain a height of 35 feet above the takeoff surface by attaining a speed
greater than ¥, under low drag ground conditions, and using the excess
kinetic energy to attain the 3ot height.

4.2.6.2 In the case of turbojet powered airplanes, when most of the
one-engineinoperative data have been collected using throttle chops, V
and its relationship to &/ should be substantiated by at least a limited
number of Giel cuts at ¥r. For derivative programs not involving a
modification that would affect thrust decay characteristics, demonstrations
of fuel cuts may be unnecessary.

4.2.6.3 For propellerdriven airplanes, the use of fuel cuts can be more important
in order to engre that the takeoff speeds and distances are obtained with
the critical enginebés propeller atta
sudden engine failure. The number of tests that should be conducted using
fuel cuts depends on the correlation obtaineti We throttle chop data
and substantiation that the data analysis methodology adequately models
the effects of a sudden engine failure.

4.2.7 ProceduresSection 25.107(@ Minimum Unstick Speed (Mu).

4.2.7.1 Section 25. lOspdedsmussbe setedesl bgthia\vp pl i cant .
An applicant can either determine the lowest possikie 3peeds or select
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a higher speed that supports the takeoff performance targets of the
airplane. Regardless of how the applicant selects thes@eeds,
compliance must be shown witt2§.107(d), (e)(1)(iv), (e)(3), and (e)(4)
to show that the selectedsV speeds allow the airplane to safely lift off
the ground and continue the takeoff.

4.2.7.2 An applicant should comply with § 25.107(d) by conducting Vests
with all engines operating and alath one engine inoperative. During
these tests, the takeoff should be continued until the airplane is out of
ground effect. The airplane pitch attitude should not be decreased after
liftoff.

4.2.7.3 Vwmu testing to demonstrate the lowesiy/speed is a maximum
performance flight test maneuver, and liftoff may occur very near the
angleof-attack for maximum lift coefficient. Also, even though pitch
attitude may be held fairly constant during the maneuver, environmental
conditions and transiting through ground efferay result in changes in
angleof-attack. It is permissible to lift off at a speed that is below the
normal stall warning speed, provided no more than light buffet is
encountered.

4.2.7.3.1 Itis important for the flight test team to understand the control ladis an
any transitions between control laws during takeoff (e.g., based on weight
on wheels) for an electronic flight control system that may present unique
hazards that should be taken into account.

4.2.7.3.2 An artificial stall warning system (e.g., a stick shaker) maylisabled
during Vwu testing, although doing so will require extreme caution and
depend upon a thorough knowl edge of
both in and out of ground effect.

4.2.7.3.3 If the airplane is equipped with a stick pusher, atodlattacklimiter, or
other system that may affect the conduct of the test, the angle of attack
setting for activation of the system may be selected by the applicant and
differ from the nominal setting. The system may alternatively be disabled
or its activation delyed for test purposes until a safe altitude is reached.
However, for airplanes equipped with a stick pusher that is not designed to
be inhibited during takeoff, the test demonstrations will need to be
assessed and will only remain valid if the sticisiper would not have
activated with the anglef-attack indication means set at the lowest angle
within production tolerances.

4.2.7.4 In lieu of conducting onengineinoperative \u tests, the applicant may
conduct allenginesoperating W tests if all pertinenfactors that would
be associated with an actual eergineinoperative \u test are simulated
or otherwise taken into account. To take into account all pertinent factors,
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it may be necessary to adjust the resulting Yest values analytically.
The factaos to be accounted for should include at least the following:

1 Thrust/weight ratio for the orengineinoperative range.

1 Controllability (may be related to orengineinoperative free air tests,
such asninimum control speed in the aWfica)).

Increased drg due to use of lateral/directional control systems.

1 Reduced lift due to use of devices such as wing spoilers for lateral
control.

1 Adverse effects of use of any other systems or devices on control,
drag, or lift.

The number of Mu tests needed may be minized by testing only the
critical all-enginesoperating and orengineinoperative thrust/weight
ratios, provided the Mu speeds determined at these critical conditions are
used for the range of thrust/weiglagspropriate to the

all-enginesoperating an@neengineinoperative configurations. The
critical thrust/weight is established by correcting, to the ¥peed, the
thrust that results in the algme achieving its limiting
one-engineinoperative climb gradient at the normally scheduled speed
and in tke appropriate configuration.

Amendment 2512, effective March 1, 1978, revised 88.107(d) and
25.107(e)(1)(iv) in order to permit the eragineinoperative W to be
determined by alenginesoperating tests at the thrust/weight ratio
corresponding tane oneengineinoperative condition. As revised,

§ 25.107(d) specifies thatw) must be selected for the range of
thrust/weight ratios to be certificated, rather than for theradines
operating and orengineinoperative conditions as was previously
required. In determining the aéinginesoperating thrust/weight ratio that
corresponds to the orengineinoperative condition, consider trim and
control drag differences between the two configurations in addition to the
effect of the number of engines op@rg. The minimum thrust/weight
ratio to be certificated is established by correcting, to the 3peed, the
thrust that results in the airplane achieving its limiting enguneclimb
gradient in the appropriate configuration and at the normally scheduled
speed.

To conduct the My tests, rotate the airplane as necessary to achieve the
Vwmu attitude. It is acceptable to use some additional-npseim over the
normal trim setting during Mu demonstrations. If additional nes@ trim

is required, the additiml considerations of paragrap!2.7.8below apply.
Vmu is the speed at which the weight of the airplane is completely
supported by aerodynamic lift and thrust forces. Some judgment may be
necessary on airplas¢hat have tilting main landing gear bogies.
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Determining the liftoff point from gear loads and wheel speeds has been
found acceptable in past programs. After liftoff, the airplane should be
flown out of ground effect. During liftoff and the subsequenmhbbut, the
airplane should be fully controllable.

Vmu Testing for Airplanes having Limited Pitch Control Authority.

For some airplanes with limited pitch control authority, it may not be
possible, at forward CG and normal trim, to rotate the airplandftofa
attitude where the airplane could otherwise perform a clean flyaway at a
minimum speed had the required attitude been achieved. This may occur
only over a portion of the takeoff weight range in some configurations.
Though generally associated witte inability of the pitch control surfaces

to provide adequate pitching moment to rotate the airplane to the desired
pitch attitude at low thrust/weight ratio conditions, the same phenomenon
may occur at high thrust/weight ratio conditions for airplandis kangh

thrust lines (e.g., aft engines mounted high on the fuselage). When limited
pitch control authority is clearly shown to be the casg; ¥st conditions
may be modified to allow testing aft of the forward CG limit and/or with
use of more airplaneoseup trim than normal. The W, data determined

with this procedure should be corrected to those values representative of
the appropriate forward limit; the variation ofay with CG may be

assumed to be like the variation of free air stalling speed@h

Although the development of scheduled takeoff speeds may proceed from
these corrected W) data, additional tests are required (see
paragrapht.2.7.8.2oelow) to check that the relaxeds¥ criteria have not
neglected problems that might arise from operational variations in rotating
airplanes with limited pitch control authority.

In the following assurance test, the airplane should demonstrate safe
flyaway characteristicgvlinimum speed liftoff should be demadregted at

the critical forward CG limit with normal trim. For airplanes with a

cutback forward CG at heavy weight, two weight/CG conditions should be
considered. The heavy weight tests should be conducted at maximum
structural or maximum sea level clidfilmited weight with the associated
forward CG. The full forward CG tests should be conducted at the highest
associated weight. Alternatively, testing may be conducted at a single
weight if an analysis is provided that identifies the critical weight/CG
combimation with regard to limited pitch attitude capability for liftoff.

These assurance tests should be conducted at the thrust/weight ratio that is
most critical for attaining a pitch attitude that will provide a minimum

liftoff speed.

For airplanes that atamited by low thrust/weight conditions, tests should
be conducted at the minimum thrust/weight ratio for both the simulated
oneengineinoperative test (i.e., symmetrical reduced thrust) case and the
all-enginesoperating case.
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4.2.7.8.4 For airplanes that are liteid by high thrust/weight conditions, tests should
be conducted at the highest thrust/ w
operating envelope for both the simulated-engineinoperative case
(i.e., symmetrical reduced thrust) and theealyjinesoperatingcase.

4.2.7.8.5 One acceptable test technique is to hold full Agseontrol column as the
airplane accelerates. As pitch attitude is achieved to establish the
minimum liftoff speed, pitch control may be adjusted to prevent
overrotation, but the liftoff attitudersuld be maintained as the airplane
flies off the ground and out of ground effect.

4.2.7.8.6  The resulting liftoff speeds are acceptable if the test proves successful and
the liftoff speed is at least 5 knots below the normally scheduled liftoff
speed.

4.2.7.8.7  This minimum5 knot margin from the scheduled liftoff speed provides
some leeway for operational variations such as mistrim, CG errors, etc.,
that could further limit the elevator authority. The reduced ¥hargins
arising from this test, relative to those specifie@ 26.107(e)(1)(iv), are
considered acceptable because of the reduced probability of a pitch control
authoritylimited airplane getting into a high drag condition due to
over-rotation.

4.2.7.9 Vmu Testing for Geometry Limited Airplanes.

4.2.7.9.1 For airplanes that are geetry limited (i.e., the minimum possiblewy
speeds are limited by tail contact with the runway58.07(e)(1)(iv)(B)
allows the \{iu to Vior speed margins to be reduced to 108 percent and
104 percent for the abnginesoperating and orengineinoperatve
conditions, respectively. Thews demonstrated should be sound and
repeatable.

4.2.7.9.2 Anairplane that is deemed to be geometry limited at the conditions tested
is expected to be geometry limited over its entire takeoff operating
envelope. If this is not thease, the airplane is not considered geometry
limited and the reducedw to Vior speed margins do not apply.

4.2.7.9.3 One acceptable means for demonstrating compliance wi25.8897(d)
and 25.107(e)(1)(iv) with respect to the capability for a safe liftoff and
fly-away from the geometry limited condition is to show that at the lowest
thrustto-weight ratio for the alenginesoperating condition:

1. In the speed range from 96 to 100 percent of the actual liftoff speed),
the aft undessurface of the airplane should lmecontact with the
runway. Because of the dynamic nature of the test, it is recognized that
contact will probably not be maintained during this entire speed range,
so some judgment is necessary. It has been found acceptable for
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contact to exist approximayes0 percent of the time that the airplane
IS in this speed range.

2. Beyond the point of Iliftoff to a
attitude should not decrease below that at the point of liftoff, nor
should the speed increase more than 10 percent

3. The horizontal distance from the start of the takeoff to a height of 35
feet above the takeoff surface should not be greater than 105 percent of
the distance determined in accordance wi#h813(a)(2) without
applying the 115 percent factor.

Vmu for a Stretched Version of a Tested Airplane.

Vmu speeds obtained by flight testing one model of an airplane type may
be used to generatawV speeds for a geomettiynited stretched version

of that airplane. If the short body airplane met the criteria for tA£.08
percent \au/VLor Speed margin for geometry limited airplanes as
permitted by 85.107(e)(1)(iv)(B) and discussed in paragrdpgh7.9.1
above thenthe flight Eests described in paragra$l2.7.9.3aboveshould

be performed on the stretched derivative. Otherwise, the flight tests
described in paragraph2.7.10.2 belowshould be performed on the
stretched derivative.

Since the concern for tail strikes is increased with the stretched airplane,
the following should be accomplished, in addition to normal takeoff tests,
when the Wwu schedule of the stretched derivative is derived from that of
the shorter body parent airplane:

1. The W of the stretched derivative airplane should be determined by
correcting the Wu of the shorter body tested airplane for the reduced
runway pitch attitudeapability and revise@G range of the stretched
airplane. Alternatively, stretched airplangJ)/speeds not determined
in this manner should be substantiated by flight testing or a rational
analysis. Scheduled rotation speeds for the stretched airplaule sh
result in at least the required liftoff speed margins above the corrected
Vmu required by 85.107(e)(1)(iv) for the orengineinoperative and
all-enginesoperating takeoff conditions.

2. At both the forward and aft CG limits, and over the thtasweight
range for each takeoff flap, the following takeoff tests should be
accomplished. The tests described in paragrajpinslb below should
be accomplished with notaere than occasional, minor (i.e.,
nornrdamaging) tail strikes.

a. All-enginesoperating, early rotation tests specified in
paragrapht.2.8.3.2below, including both theapid rotations and
overrotations as separate test conditions.
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b. Oneengineinoperative, early rotation tests specified in
paragrapl.2.8.2below.

c. All-enginesoperatimg, moderate rotation rate (i.e., more rapid than
normal) takeoff tests, using the scheduledavid normal pitch
attitude after liftoff. Tail strikes should not occur for this condition.

4.2.8 ProceduresSection 25.107(é) Rotation Speed (M.

4.2.8.1 Vrin terms of calirated airspeed, must be selected by the applicant. V
has a number of constraints that must be observed in order to comply with
§25.107(e):

4.2.8.1.1 Vrmay not be less thaniVhowever, it can be equal ta i some cases.
4.2.8.1.2 Vwrmay rot be less than 105 percent\bfica.

4.2.8.1.3 Vrmust be a speed that will allow the airplane to reacht\ér before
reaching a height of 35 feet above the takeoff surface.

4.2.8.1.4 Vrmust be a speed that will result in liftoff at a speed not less than
110percent of Wwu (unless geometry limited) fohé allenginesoperating
condition and not less than 105 percent of thie Wnless geometry
limited) determined at the thrust/weightio corresponding to the
one-engineinoperative condition for each set of conditions such as
weight, altitude, temperate, and configuration when the airplane is
rotated at its maximum practicable rate.

4.2.8.2 Early Rotation, One-Engine-Inoperative Test.

4.2.8.2.1 In showing compliance with § 25.107(e)(3), some guidance relative to the
airspeed attained at the-8&ot height during the assiated flight test is
necessary. As this requirement only specifies an early rotation
(Vr-5knots), it is interpreted that pilot technique is to remain the same as
normally used for a orengineinoperative condition. With these
considerations in mind, is apparent that the airspeed achieved at the
35-foat point can be somewhat below the normal schedutesp¥ed.
However, the amount of permissible §peed reduction should be limited
to a reasonable amount as described below.

4.2.8.2.2 These test criteria applg &ll unapproved, new, basic model airplanes.
They also apply to previously approved airplanes when subsequent testing
is warranted. However, for those airplanes where these criteria are more
stringent than those previously applied, consideration willengo
permitting some latitude in the test criteria.

4.2.8.2.3 In conducting the flight tests required by § 25.107(e)(3), the test pilot
should use the normal/natural rotation technique associated with the use of
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scheduled takeoff speeds for the airplane beirtgdetntentional tail or

tail skid contact is not considered acceptable.-Namaging contact due
to inadvertent overotation is acceptable provided there is a prompt
recovery to the normal orengineinoperative takeoff pitch attitude.
Further, the airgged attained at the 360t height during this test should
not be less than the schedulegMdlue minus 5 knots. These speed limits
should not be considered or used as targeeM speeds, but rather are
intended to provide an acceptable range of sdegdrture below the
scheduled Yvalue.

4.2.8.2.4 In this test, the simulated engine failure should be accomplished
sufficiently in advance of theAtest speed to allow for engine sqaown,
unless this would be below thesys, in which case Mce should govern.
Thenormal oneengineinoperative takeoff distance may be analytically
adjusted to compensate for the effect of the early power or thrust
reduction. Further, in those tests where the airspeed achieved at the
35-foat height is slightly less than the¥8 knotslimiting value, it will be
permissible, in lieu of conducting the tests again, to analytically adjust the
test distance to account for the excessive speed decrement.

4.2.8.3 All-EnginesOperating Tests.

42831 Section 25.107(e) (4) statiemx rtetaste 0t h o
the scheduled takeoff distance when reasonably expected service
variations such as early and excessive rotation andfeaum conditions
are encountered. This has been interpreted as requiring takeoff tests with
all engines operating with

1 A lower than scheduled rotation speed, and
1 Outof-trim conditions, but with rotation at the schedulegsyeed.

Note:The expression fAimarked increaseo i
considered to be any amount in excess of 1 percent of the scheduled

takeoff distanceThus, the tests should not result in field lengths more

than 101 percent of the takeoff field lengths calculated in accordance with

the applicable requirements of part 25 for presentation in the AFM.

4.2.8.3.2 For the early rotation condition with all engines @tierg, and at a weight
as near as practicable to the maximum sea level standard day takeoff
weight limit, it should be shown by tests that when the airplane is rotated
at a speed below the scheduledV no fimar ked increasebo
AFM field length will result. For these tests, the airplane should be rotated
at a speed equal to the scheduledninus 7 percent or the scheduled V
minus 10 knots, whichever results in the higher rotation speed. Tests
should be conducted at (1) a rapid rotation ratiné normal takeoff
attitude, and (2) an oweotation of 2° above normal attitude after liftoff at
the normal rotation rate. For tests using over rotations, the resulting
increased pitch attitude should be maintained until the airplane is out of
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ground éfect. Tail strikes during this demonstration are acceptable if they
are minor and do not result in unsafe conditions.

For reasonably expected eafttrim conditions with all engines operating

and as near as practicable to the maximum weight allowed seddevel
standard day conditions, it should be shown that there will not be a
Amarked increaseo in the schedul ed
initiated in a normal manner at the scheduledpeed. The amount of

mistrim should be the maximum nmish that would not result in a takeoff
configuration warning, including taking into account the takeoff
configuration warning system rigging tolerance. It is permissible to accept
an analysis in lieu of actual testing if the analysis shows that the

out-of-trim condition would not present unsafe flight characteristics or a
Amar ked increaseo in the schedul ed

Section 25.107(e)(4) also states that the reasonably expected variations in
service from the established takeoff procedures for teeatipn of the

airplane may not result in unsafe flight characteristics. For example, for an
airplane loaded to obtain a forwaeds position and mistrimmed for an aft
CGloading, it may not be possible to rotate at the normal operating speeds
due to excesge control force or lack of primary pitch control authority.

This may result in an excessive delay in accomplishing the rotation. Such
a condition would be considered an unsafe flight characteristic. Similarly,
for an airplane loaded to obtain an@fb position and mistrimmed for a
forward CGloading, it may not be possible to readily arrest arseting
tendency. This rotation, if abrupt enough and rapid enough, could lead to
stall. Qualitative assessments should be made by the test pilot in the
following takeoff tests with all engines operating:

1. The test pilot should determine that no unsafe characteristics exist with
the airplane loaded to the forwaeds limit and the stabilizer
mistrimmed in the airplane nosi®wn direction. The amount of
mistrim stould be the maximum mistrim that would not result in a
configuration warning (including taking into account takeoff warning
system tolerances). Rotation should be initiated at the scheduled
rotation speed for the airplane weight and ambient conditiongfé&ns
characteristics include an excessive pitch control force to obtain
normal airplane response or an excessive time to achieve perceptible
rotation.

2. The test pilot should determine that no unsafe characteristics exist with
the airplane loaded to the &G limit and the stabilizer mistrimmed in
the airplane nosap direction. The amount of mistrim should be the
maximum mistrim that would not result in a configuration warning
(including taking into account takeoff warning system tolerances). The
airplane sbuld be rotated at the scheduled rotation speed for the
airplane weight and ambient conditions. Unsafe characteristics include
an abrupt selfotating tendency that cannot be checked with normal
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control input, or an excessive pitch control force requioamaintain
the airplane in the normal pitch attitude prior to the scheduled rotation
speed or during rotation and initial climb.

3. For the tests described in paragraplasd2 above, the flight
characteristics should be assessed at the most critical combinations of
airplane weight, wing flap position and engine power or thrust for the
out of trim position being considered.

Stall Warnng during Takeoff Speed Tests.

The pesumption is that if an operational pilot was to make an error in
takeoff speeds that resulted in an encounter with stall warning, the likely
response would be to recover aggressively to a safe flight condition rather
than trying to duplicate the AFM tad flight path. Therefore, the

activation of any stall warning devices, or the occurrence of airframe
buffeting during takeoff speed testing, is unacceptable.

Stick Forces during Takeoff Speed Tests

According to 85.143(a)(1) and (b), stick forces tatiate rotation and
continue the takeoff during takeoff flight testing must comply with the
control force limits of 5.143(d). This includes the mistrim takeoff tests
described in paragrapisand?2 (on paget-14) to show compliance with
§25.107 (e)(4), which are considered to represent probable operating
conditions under 85.143(b). Stick forces should be those that result from
usingthe takeoff procedures established by the manufacturer for use in
operational service in accordance witB3101(f) and must comply with
§25.101(h).

4.2.9 ProceduresSection 25.107(8 Liftoff Speed (MoF).

4291

4.2.9.2

Voris defined as the calibrated airspeed at whiehatirplane first
becomes airborne (i.e., no contact with the runway). This allows
comparison of liftoff speed with tire limit speed.o¢ differs from Mu in
that Vvu is the minimum possible \Mr speed for a given configuration,
and depending upon landiggar design, Mu liftoff is shown to be the
point where all of the airplane weight is being supported by airplane lift
and thrust forces and not any portion by the landing gear. For example,
after the \uu speed is reached, a truck tilt actuator may faré@nt or

rear wheel set to be in contact with the runway, even though the liftoff is
in progress by virtue of lift being greater than weight.

The maximum ground speed at liftoff, considering the entire takeoff
operating envelope and taking into accouhpg&rcent of the headwind
and 150 percent of the tailwind, in accordance wig®b805(d)(1), must
not exceed the tire speed rating established un@gr7@3(a) or (c).
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4.3 Accelerate Stop Distancé § 25.109.

4.3.1 Explanation.

4311 The acceleratstop distance is the hpontal distance from a reference
point on the airplane at initial brake release to that same reference point
after the airplane is brought to a stop.

43.1.2 This section describes test demonstrations and data expansion methods
necessary to determine accelesstt®p distances for publication in the
FAA-approvedAFM, as required bg 25.1583(h) (by reference to
§ 25.1533). Amendmer#t5-92 revised some aspects of the 2&rt
acceleratestop criteria and added new requirements related to the stopping
capability of he airplane as affected by brake wear and wet runways. The
changes imparted to the accelessttg requirements bgmendment 282
are listed below. (For other material related to the use of accestoate
distances, see 14 CFR parts 121 and 135.)

4.3.1.2.1 Section25.101(i) was added to require accelestt®p distances to be
determined with all the airplane wheel brake assemblies at the fully worn
limit of their allowable wear range.

4.3.1.2.2 Section 25.105(c)(1) was revised to require takeoff data to be determined
forwet in addition to dry, hard surfac:
option, takeoff data may also be determined for wet runways that have
grooved or porous friction course surfaces.

43123 Secton25. 107(a)(2) was revised to remov
decisions peed o6 f r om tihWeistbesspeedby whiclotme of V
pilot has already made the decision to either continue or reject the takeoff
and, if the latter, has initiated the first action to stop the airplane.

4.3.1.2.4 Section 25.109 was revised to add a requémet to determine
acceleratestop distances for wet runways. Additionally, the requirement
for the AFM expansion to include two seconds of continued acceleration
beyond M, with the operating engines at takeoff power or thrust, as
introduced byamendment 2-42, was replaced with a distance increment
equivalent to two seconds at.\Also, the text of 5.109(a) was
modified to clarify that the acceleraséop distances must take into
account the highest speed reached during the rejected takeoff maneuver,
including, as applicable, speeds higher than V

4.3.1.2.5 Section25.109(f) was added to permit credit for the use of reverse thrust
in determining wet runway accelera®p distances (subject to the
requirements of 85.109(e)) and to explicitly deny reverse thrergdit
for determining dry runway accelersg®p distances.
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4.3.1.2.6  Section 25.109(i) was added to require a maximum brake energy

acceleratestop test to be conducted with not more than 10 percent of the
allowable brake wear range remaining on each individuakWirake
assembly.

4.3.1.2.7 Section 25.735(h) was added to require the maximum rejected takeoff

brake energy absorption capacity rating used during qualification testing
to the applicable TSO to be based
allowable wear range.

Note: Section 25.735 was revised apendmen5-107, which moved
the rejected takeoff kinetic energy rating requirements ir6. 835(f).

4.3.1.2.8 Section 25.1533(a)(3) was revised to add runway surface condition (dry or

wet) as a variable that must be accountedrf@stablishing minimum

takeoff distances. Secti@b.1533(a)(3) was also revised to allow wet
runway takeoff distances on grooved and porous friction course (PFC)
runways to be established as additional operating limitations, but approval
to use these dighces is limited to runways that have been designed,
constructed, and maintained in a manner acceptable to the FAA
Administrator.

Applicable Requlations.

The applicable part 25 regulations are § 25.109, and the following:

1

= =2 =

= =2 =4 A4

T
T

Section 25.101(flegarding aplane configuration and procedures.
Section 25.101(hegardingpilot action time delay allowances.
Section 25.101(ijegardingworn brake stopping performance.

Section 25.10%egardingtakeoff configuration and environmental and runway
conditions.

Section 25107(a)(l) and (a)(2)egardingV1 and \er speed definitions.
Section 25.73%egardingorakes and braking systems.

Section 25.130tegardingfunction and installation.

Section 25.130%egardingequipment, systems, and installation.

Section25.1533 regardim additional operating limitatior&s maximum takeoff
weights and minimum takeoff distances.

Section 25.1583(hegardingAFM operating limitations.
Section 25.1587egardingAFM performance information.

ProceduresGeneral

The following paragraphs provideligance for accomplishing acceleratep flight
tests and expanding the resulting data for the determination of AFM performance
information.
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ProceduresAccelerateStop Testing.

The following guidance applies to turbipewered airplanes with and without
propellers. Guidance regarding flight testing applies only to dry runway accedtopte
distances. Guidance for expanding the flight test data to determine AFM distances
applies to both dry and wet runways, unless otherwise noted. Further guidance for
determining wet runway accelerastop distances is provided in paragrdpB. 7of this

AC.

4341

4.3.4.2

43.4.3

43431

4.3.4.3.2

In order to establish a distance that would be representative of the distance
needed in the event of a rejected takeoffere the first action to stop the
airplane is taken atiya sufficient number of test runs should be

conducted for each airplane configuration specified by the applicant. (For
intermediate configurations, see paragradof this AC.)

The guidance outlined in paragra!3.60of this AC describes how to
include allowances for any time delays, as required by § 25.101(h)(3), for
the flightcrew to accomplish the rejectiadkeoff operating procedures.

Section 25.101(i) states that the accelestp distances must be
determined with all the airplane whd®hke assemblies at the fully worn
limit of their allowable wear range. The fully worn limit is defined as the
maximumamount of wear allowed before the brake is to be removed from
the airplane for overhaul. The allowable wear should be defined in terms
of a linear dimension in the axial direction, which is typically determined
by measuring the wear pin extension.

The ony acceleratestop test that must be conducted at a specific brake
wear state is the maximum brake kinetic energy demonstration, which
must use brakes that have no more than 10 percent of the allowable brake
wear range remaining, as required by § 25.10&ge paragrap#.3.5.3

of this AC). The remainder of the acceleratep tests may be conducted
with the brakes in any wear state as long as a suitable combination of
airplane and dynamometer tests is useceterchine the accelerastop
distances corresponding to fully worn brakes. For example, dynamometer
testing may be used to determine whether there is a reduction in brake
performance from the wear state used in the airplane tests to a fully worn
brake. Thaairplane test data could then be adjusted analytically for this
difference without additional airplane testing.

Either airplanewvorn or mechanicalklyvorn brakes (i.e., machined or
dynamometer worn) may be used. If mechanieaiyn brakes are used, it
shauld be shown that they can be expected to provide similar results to
airplaneworn brakes. This comparison can be based on service experience
on the test brake or an appropriate equivalent brake, or on dynamometer
wear test data when service data are utahMa.
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4.3.4.4 Section 25.109(f)(1) denies credit for the use of reverse thrust as a
decelerating means in determining the accelestatp distance for a dry
runway. This provision applies to both turbine engine and propeller engine
reverse thrust (but not to adyag resulting from the ground idle power
setting for a propeller engine). Credit for the additional deceleration
available from reverse thrust is permitted for wet runway accelsteype
distances, provided the thrust reverser system is shown to bectiafde,
capable of giving repeatable results, and does not require exceptional skill
to control the airplane. (See paragrdh7.100f this AC for guidance
related to obtaining accelerad®op performanceredit for reverse thrust
on wet runways.)

4345 The acceleratstop test runs should be conducted at weight/speed
combinations that will provide an even distribution of test conditions over
the range of weights, speeds, and brake energies for which takeoff data
will be provided in the AFM. The effects of different airport elevations
can be simulated at one airport elevation, provided the braking speeds
employed are relevant for the range of airplane energies to be absorbed by
the brakes. The limiting brake enenglue in the AFM should not exceed
the maximum demonstrated in these tests or the maximum for which the
brake has been approved. (See paragéapbof this AC for further
guidance related to tests and anadylee the demonstration of the
maximum brake energy absorption capability.)

4.3.4.6 The Vi speeds used in the accelerstigp tests need not correspond
precisely to the AFM values for the test conditions since it may be
necessary to increase or decrease the AkMNp¥ed to investigate fully
the energy range and weight envelope.

4.3.4.7 A total of at least six accelerastop flight tests should be conducted.
Unless sufficient data are available for the specific airplane type showing
how braking performance varies with wieigkinetic energy, lift, drag,
ground speed, torque limit, etc., at least two tests should be conducted for
each configuration when the same braking coefficient of friction is being
claimed for multiple aerodynamic configurations. These tests should be
conducted on smooth, hard surfaced, dry runways.

4.3.4.8 For approval of dispatch capability with askid inoperative, nose wheel
brakes or specified main wheglake(s) inoperative, automatic braking
systems, etc., a full set of tests, as described in paragr@agh7above,
should normally be conducted. A lesser number of tests may be accepted
for fAnequal or bettero demonstrations
adequate conservatism is used during testing.

4.3.4.9 Eitherground or airborne instrumentation should include means to
determine the horizontal distance thmistory.
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The wind speed and direction relative to the test runway should be
determined and corrected to a height corresponding to the approximate
height of he mean aerodynamic chord. (See parag8aphf this AC.)

The acceleratstop tests should be conducted in the following
configurations:

Heavy to light weight as required.
Most critical CG position.
Wing flapsin the takeoff position(s).

Tire pressure: before taxi and with cold tires, set to the highest value
appropriate to the takeoff weight for which approval is being sought.

Engine idle power or thrust: set at the recommended upper limit for use on
the groundr the effect of maximum ground idle power or thrust may be
accounted for in data analyses. For maximum brake energy and fuse plug
no-melt tests, data analysis may not be used in place of maximum ground
idle power or thrust.

Engine power or thrust shoube appropriate to each segment of the
rejected takeoff and should include accounting for power or thrust decay
rates (i.e., spin down) for failed or throttled back engines.

Turbojet Powered #planes.

For AFM calculation purposes, the critical engine falacceleratstop
data may be based on the failed engine spinning down to a windmilling
condition.

Note: If, due to the certification basis of the airplane,
all-engineacceleratestop distances are not being considered, the
one-engineinoperative AFM distanceshould be based on the critical
engine failing to maximum ground idle power or thrust rather than the
windmilling condition.

The power or thrust from the operative engine(s) should be consistent with
a throttle chop to maximum ground idle power or thrist. determining

the allenginesoperating dry runway acceleradtop AFM distances, the
stopping portion should be based on all engines producing maximum
ground idle power or thrust (after engine spin down), as noted in
paragraph.3.4.11.5above The acceleratstop tests may be conducted
with either concurrent or sequential throttle chops to idle power or thrust
as long as the data are adjusted to take into account pilot reaction time,
and any control, systeror braking differences (e.g., electrical or
hydraulic/mechanical transients associated with an engine failing to a
windmilling condition resulting in reduced braking effectiveness). Test
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data should also be analytically corrected for any differences hetwee
maximum ground idle power or thrust and the idle power or thrust level
achieved during the test. For the criteria relating to reverse thrust credit for
wet runway acceleratgtop distances, see paragrdpB.7.10of this AC.

4.3.4.12.3 TurbopropellefPoweredAirplanes

For the oneengineinoperative acceleratgtop distances, the critical
engineds propeller should be in the
when an engine fails and the power lewanes closed. For dry ravay
oneengineinoperative accelerat&gop distances, the high drag ground

idl e position of the operating engin
setting that results in not less than zero total thrust, i.e., propeller plus jet
thrust, at zero airspeed) ynhe used provided adequate directional control

is available on a wet runway and the related operational procedures

comply with §25.101(f) and (h). Wet runway controllability may either be
demonstrated by using the guidance available in paragr8ph10.6of

this AC at the appropriate power level, or adequate control can be

assumed to be available at ground idle power if reverse thrust credit is
approved for determining the wet runway accelestp distanced-or

the allenginesoperating acceleratgop distances on a dry runway, the

high drag grounddle propeller position may be used for all engines

(subject to 85.101(f) and (h)). For the criteria relating to reverse thrust

credit for wet runway acceldrastop distances, see paragrdpB.7.100f

this AC.

4.3.4.13  System transient effects (e.g., engine sjwwn, brake pressure rarp,
etc.) should be determined and properly accounted for in the calculation of
AFM aceleratestop distances. (See paragrdpB.6.100f this AC.)

4.3.5 ProceduresMaximum Brake Energy Testing

The following paragraphs describe regulatory requirements and acceptable test methods
for conducting an acteratestop test run to demonstrate the maximum energy
absorption capability of the wheel brakes.

4351 The maximum brake energy accelersttep demonstration should be
conducted at not less than the maximum takeoff weight. It should be
preceded by at least an3ile taxi with all engines operating at maximum
ground idle power or thrust, including three full stops using normal
braking. Following the maximum brake energy stop, it will not be
necessary to demonstrate the airplan

4.35.2 Section 25.735(fR) requires the maximum kinetic energy accelesto@
absorption capability of each wheel, tire, and brake assembly to be
determined. It also requires dynamometer testing to show that the wheel,
brake, and tire assembly is capable of absorbing nothasstiis level of
kinetic energy throughout the defined wear range of the brake. The
calculation of maximum brake energy limited takeoff weights and speeds,
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for presentation in the AFM performance section, therefore should be
based on the most critical weange of the brake.

Section 25.109(i) requires a flight test demonstration of the maximum
brake kinetic energy accelerat®p distance to be conducted with not

more than 10 percent of the allowable brake wear range remaining on each
of the airplane wheérakes. The 10 percent allowance on the brake wear
state is intended to ease test logistics and increase test safety, not to allow
the acceleratstop distance to be determined with less than fully worn
brakes. If the brakes are not in the fully worrtes& the beginning of the

test, the acceleratop distance should be corrected as necessary to
represent the stopping capability of fully worn brakes.

The maximum airplane brake energy allowed for dispatch should not
exceed the value for which a satigfary afterstop condition exists, or the
value documented under the applicable TSO (or an acceptable equivalent),
whichever value is less. A satisfactory afééop condition is defined as

one in which fires are confined to tires, wheels, and brakeslsath
progressive engulfment of the rest of the airplane would not occur during
the time of passenger and crew evacuation. The application of firefighting
means or artificial coolants should not be required for a period of

5 minutes following the stop.

Landings are not an acceptable means for demonstrating the maximum
rejected takeoff brake energy. Though permitted in the past, service
experience has shown that methods used to predict brake and tire
temperature increases that would have occurred duringraxi
acceleration, as specified in paragrdpB.5.1of this AC, were not able to
accurately account for the associated energy increments.

4.3.6 ProceduresAccelerateStop Time Delays

4.3.6.1

Section 25.101(h) requires aance for time delays in the execution of
procedures. AmendmeBb-42 (effective March 1, 1978) amended the
airworthiness standards to clarify and standardize the method of applying
these time delays to the accelerstigp transition perioddmendment

25-42 also added the critical engine failure speatt, ¥nd clarified the
meaning of \{ with relation to \&r. The preamble tamendment 2512

st at e s is teteaninedibywadding toeV(the speed at which the

critical engine is assumed to fail) the spgathed with the critical engine
inoperative during the time interval between the instant at which the
critical engine is failed and the instant at which the test pilot recognizes
and reacts to the engine failure,
the first retarding means during accelermte op t ests. 0 Thus
that V1 is not only intended to be at the end of the decision process, but it
also includes the time it takes for the pilot to perform the first action to
stop the airplane. (Seg@pendixC of this AC for further discussion on the
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historical development of accelera®p time delays.) The purpose of the
time delays is to allow sufficient time (and distance) for a pilot, in actual
operaions, to accomplish the procedures for stopping the airplane. The
time delays are not intended to allow extra time for making a decision to
stop as the airplane passes throughSihce the typical transport category
airplane requires three pilot actiome(, brakeghrottlesspoilers) to

achieve the final braking configuration, amendmen#i25lefined a
two-second time period, in25.109, to account for delays in activating
the second and third deceleration devices. Amendme82 ZBffective
March 20,1998) redefined, and reinterped the application of that
two-second delay time as a distance increment equivalent to two seconds
at V1. No credit may be taken for system trians effects (e.g., engine
spindown, brake pressure rarp, etc.) in determing this distance. The
following paragraphs provide guidance related to the interpretation and
application of delay times to show compliance with the accelstape
requirements ocdmendment 292.

Figure4-1 below presents a pictorial representation of the accelstafe

time delays considered acceptable for compliance wath. §01(h) as
discussed above.

Figure 4-1. AccelerateStop Time Delays

Initiation of Initiation of Initiation of Initiation of
Event Engine failure first pilot second pilot third pilot subsequent
action action action pilot actions
Demonstrated
Time Delays Atact1 Atacto Atagrs 4 Blactas
Ver Vi
Elight Manual oi al
g)élaanSSion Time e— Dt P Bl — P& Bl g€ Alygt1sec Isttc?gcsee?:?:;v\z emA’{
4.3.6.3 VEeris the calibrated airspeed selected by the applicant at which the critical
engine is assumed to fail. The relationship betweera¥d V4 is defined
in §25.107.
4.3.6.4 P4ct 1is the demonstrated time interval between engine failure and

initiation of the first pilot action to stop the airplane. This time interval is
defined as beginning at the instant the critical engine is failed and ending
when the pilot recognizes and reacts to the engine failure, as indicated by
the pil ot 6s ofsioptlsetairplane tduring accelemtepe Nt
tests. A sufficient number of demonstrations should be conducted using
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both applicant and FAA test pilots to assure that the time increment is
representative and repeatablre. The p
pedals, not the brakes, during the tests. For AFM data expansion purposes,

in order to provide a recognition time increment that can be executed
consistently in service, this time increment should be equal to the

demonstrated time or one second, whichévgreater. If the airplane

incorporates an engine failure warning light, the recognition time includes

the time increment necessary for the engine to spool down to the point of
warning |ight activation, plus the 't
first pilot action to stop the airplane.

4.3.6.5 Pict 2is the demonstrated time interval between initiation of the first and
second pilot actions to stop the airplane.

4.3.6.6 pict 3is the demonstrated time interval between initiation of the second
and third pilot actios to stop the airplane.

4.3.6.7 it isthe demonstrated time interval between initiation of the third
and fourth (and any subsequent) pilot actions to stop the airplane. For
AFM expansion, a oasecond reaction time delay to account fer in
service variationshould be added to the demonstrated time interval
between the third and fourth (and any subsequent) pilot actions. If a
command is required for another crewmember to initiate an action to stop
the airplane, a twsecond delay, in lieu of the oisecond dey, should
be applied for each action. For automatic deceleration devices that are
approved for performance credit for AFM data expansion, established
systems actuation times determined during certification testing may be
used without the application di¢ additional time delays required by this
paragraph.

4.3.6.8 The sequence of pilot actions may be selected by the applicant, but it must
match the sequence established for operation in service, as prescribed by
§ 25.101(f). If, on occasion, the specified sequaac®t achieved during
testing, the test need not be discarded; however, sufficient testing should
be conducted to establish acceptable valuegioaf

4.3.6.9 Section 25.109(a)(1)(iv) and (a)(2)(iii) require the @mgineinoperative
and altenginesoperating acceleratgtop distances, respectively, to
include a distance increment equivalent to two seconds. §Although
the requirement for the disteg increment equivalent to two seconds at V
is explicitly stated 25409ttsalsoidry r un
applied to the nA-stopdistanaesbyefgrenceanc c el er a
§25.109(b).) This distance increment is represented pictoriafiiyeon
right side of the AFlI i ght Manual Exp
figure 4-1 below, and in the speed versus distance pldigoire 4-2
below, on the following page. The twsecond time period is only
provided as a method to calculate the required distance increment, and is
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not considered to be a part betacceleratstop braking transition

sequence. Consequently, no credit for pilot actions, or engine and systems
transient responses (e.g., engine gfwwn) may be taken during this two
second time period. Similarly, the tvgecond time period may not be
reduced for airplanes incorporating automated systems that decrease the
number of pilot actions required to obtain the full braking configuration
(e.g., automatic spoiler systems).

Figure 4-2. Accelerate Stop Speed versus Distance

AFM model must accurately
represent demonstrated energy state
of the airplane after \,.

3rd Action )
2nd Action pum— Distance for 2 secs. at,V

V, (1st Action)

Vee /
DISTANCE
4.3.6.10  Section 25.109(a)(1)(ii) requires that any residual acceleration causing the

airplane to exceed ywhile the airplane and its systems become stabilized
in the braking configuration, be included in the accelesaip distance

The effects of system transients, such as enginedgpum, brake pressure
rampup, spoiler actuation times, etc., should be accounted for in this time
period. The area of interest is noted at the top of the graphical
representation of the speed versissashce relationship ifigure 4-2

above
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All-Engine AccelerateStop Distance

For the allenginesoperating accelerat&op distance prescribed by
§25.109(alj2), apply the demonstrated time intervals and associated
delays, of paragraphs3.6.5through4.3.6.70f this AC, after the airplane
has accelerated to;V

Describethe procedures used to determine the accelstapedistance in
the performance section of the AFM.

4.3.7 ProceduresiWet Runway Accelerai8top Distance

43.7.1

4.3.7.2

The following guidance is provided for showing compliance with the
requirements stated inZ.109(b) though(d) for determining
acceleratestop distances applicable to wet runways. In general, the wet
runway acceleratstop distance is determined in a similar manner to the
dry runway acceleratstop distance. The only differences are in reflecting
the redued stopping force available from the wheel brakes on the wet
surface and in provisions for performance credit for the use of reverse
thrust as an additional decelerating means. The general method for
determining the reduced stopping capability of the whesdtes on a

smooth wet runway is as follows: First, determine the maximunrtcire
ground wet runway braking coefficient of friction versus ground speed
from the relationships provided in2%.109(c)(1). Then, adjust this

braking coefficient to take intacaount the efficiency of the argkid

system. (See paragraglB.7.3of this AC for a definition of artskid
efficiency. See paragrapés3.7.5and4.3.7.6for material on how to
determine the wet runway asstkid efficiency.) Next, determine the
resulting braking force and adjust this force for the effect of the
distribution of the normal load between braked and unbrakextls at the
most adverse CG position approved for takeoff, as prescribed by

§ 25.109(b)(2)(ii). (See paragraglB.7.8for a discussion of normal load
distribution.) In accordance withZ.109(b)(2)(i), applyurther

adjustments, if necessary, to ensure that the resulting stopping force
attributed to the wheel brakes on a wet runway never exceeds (i.e., during
the entire stop) the wheel brakes stopping force used to determine the dry
runway acceleratstop disance (under 85.109(a)). Neither the dry

runway brake torque limit nor the dry runway friction (i.e., askid) limit
should be exceeded. Alternative methods of determining the wet runway
wheel brakes stopping force may be acceptable as long as tteatifms

not exceed the force determined using the method just described.

Maximum Tire -to-Ground Braking Coefficient of Friction.

The values specified in25.109(c)(1) were derived from data contained in
Engineering Sciences Data Unit (ESDU) 71(Rfctional and Retarding
Forces on Aircraft Types°art II: Estimation of Braking Forcedated

August 1981). The data in ESDU 71026 is a compilation from many
different sources, including the National Aeronautics and Space
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Administration, the British Ministry oAviation, and others. ESDU 71026
contains curves of wet runway braking coefficients versus speed for
smooth and treaded tires at varying inflation pressures. These data are
presented for runways of various surface roughness, including grooved
and porous fction course runways. Included in the data presentation are
bands about each of the curves, which represent variations in water depths
from damp to flooded, runway surface texture within the defined texture
levels, tire characteristics, and experimentathods. In defining the
standard curves of wet runway braking coefficient versus speed that are
prescribed by the equations ir28.109(c)(1), the effects of the following
variables were considered: tire pressure, tire tread depth, runway surface
texture,and the depth of the water on the runway.

4.3.7.2.1 Tire Pressure

Lower tire pressures tend to i mprove
a wet runway. The effect of tire pressure is taken into account by

providing separate curves (equations) 268109(c)(1) ér several tire

pressures. As stated in the rule, the tire pressure used to determine the
maximum tireto-ground braking coefficient of friction must be the

maximum tire pressure approved for operation. Linear interpolation may

be used for tire pressurether than those listed.

4.3.7.2.2 Tire Tread Depth

The degree to which water can be channeled out from under the tires
significantly affects wet runway stopping capability. The standard curves
of braking coefficient versus speed prescribed 25809(c)(1) are bas

on a tire tread depth ofrfAm. This tread depth is consistent with tire
removal and retread practices reported by airplane and tire manufacturers
and tire retreaders. It is also consistent with FAA guidance provided in
AC 121.19%d)-1A, regarding the &ad depth for tires used in flight tests

to determine operational landing distances on wet runways. Although
operation with zero tread depth is not prohibited, it is unlikely that all of
the tires on an airplane would be worn to the same extent.

4.3.7.2.3 Runway Suiace Texture

ESDU 71026 groups runways into five categories. These categories are

|l abeled AA0O through AE, 06 with AAO0 be
heavily textured ungrooved runways.
grooved and other open texturadfaces. Category A represents a very

smooth texture (an average texture depth of less than 0.004 inches), and is

not very prevalent in runways used by transport category airplanes. The
majority of ungrooved runways fall into the category C grouping. The

curves represented inZ.109(c)(1) represent a texture midway between
categories B and C.
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Depth of Water on the Runway.

Obviously, the greater the water depth, the greater the degradation in
braking capability. The curves prescribed i8B58109(c)(1) remrsent a
well-soaked runway, but with no significant areas of standing water.

Anti -Skid System Efficiency

Section25.109(c)(2) requires adjusting the maximum-to-ground

braking coefficient determined inZ.109(c)(1) to take into account the
efficiency of the antiskid system. The ansikid system efficiency is
defined as the relative capability of the askid system to obtain the
maximum friction available between the tire and the runway surface. It is
expressed as either a percentage or a faesad on that percentage
(e.g.,85 percent or 0.85). Applicants can either use one of theladti
efficiency values specified inZ5.109(c)(2), or derive the efficiency from
flight tests on a wet runway. Regardless of which method is used,

§ 25.109(c)(2yequires that an appropriate level of flight testing be
performed to verify that the argkid system operates in a manner
consistent with the efficiency value used, and that the system has been
properly tuned for operation on wet runways.

Classification d Types of Anti-Skid Systems.

The efficiency values specified in2%.109(c)(2) are a function of the type

of antiskid system installed on the airplane. Three broad system types are
identified in the rule: on/off, quasnodulating, and fully modulating.

These classifications represent evolving levels of technology and differing
performance capabilities on dry and wet runways. The classification of
anti-skid system types and the assigned efficiency values are based on
information contained in Society of Auhotive Engineers (SAE)

Aerospace Information Report (AIR) 173@formation on AntiSkid

Systems

On/off systems are the simplest of the three types okaittisystems. For
these systems, futhetered brake pressure (as commanded by the pilot) is
applied until wheel locking is sensed. Brake pressure is then released to
allow the wheel to spin back up. When the system senses that the wheel is
accelerating back to synchronous speed (i.e., ground speedheteited
pressure is again applied. The cycldulf pressure application/complete
pressure release is repeated throughout the stop (or until the wheel ceases
to skid with pressure applied).

Quastmodulating systems attempt to continuously regulate brake pressure
as a function of wheel speed. Typicalbyake pressure is released when

the wheel deceleration rate exceeds asptected value. Brake pressure is
re-applied at a lower level after a length of time appropriate to the depth of
the skid. Brake pressure is then gradually increased until anotigient

skid condition is sensed. In general, the corrective actions taken by these
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systems to exit the skid condition are based on -pmgrammed
sequence rather than the wheel speed time history.

Fully modulating systems are a further refinement efghasimodulating
systems. The major difference between these two types edlaati

systems is in the implementation of the skid control logic. During a skid,
corrective action is based on the sensed wheel speed signal, rather than a
pre-programmed respse. Specifically, the amount of pressure reduction

or reapplication is based on the rate at which the wheel is going into or
recovering from a skid.

In addition to examining the control system for the differences noted
above, a time history of the respercharacteristics of the argtkid system
during a wet runway stop should be usedétp identify the type of

antiskid system. Comparing the response characteristics between wet and
dry runway stops can also be helpful.

Figure4-3 andfigure 4-4 belowshow an example of the response
characteristics of a typical esff system on both dry and wet runways
respectively In general, the onff system exhibits a cyclic behavior of

brake pressure application until a skid is sensed, followed by the complete
release of brake pressure to allow the wheel to spin back upmetdled
pressure (as commanded by the pilot) is tleespiplied, starting the cycle
over again. The wheel speed trace exhibits deep and frequent skids (the
troughs in the wheel speed trace), and the average wheel speed is
significantly less than the synchronous speed (which is represented by the
flat-topped prtions of the wheel speed trace). Note that the skids are
deeper and more frequent on a wet runway than on a dry runway. For the
particular example shown figure 4-3, the brake becomes torgliited
toward the end of the dry runway stop, @ng unable to generate enough
torque to cause further skidding.
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Figure 4-3. Anti-Skid System Response Characteristic©n-Off Systemon Dry Runway
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Figure 4-4. Anti-Skid System Response Characteristics: OOff System on Wet Runway
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The effectiveness of quasiodulating systems can vary significantly
depending on the slipperiness of the runway and the dektbe

particular control system. On dry runways, these systems typically

perform very well; however, on wet runways their performance is highly
dependent on the design and tuning of the particular system. An example
of the response characteristics of sneh systenon dry and wet runways

is shown infigure 4-5 andfigure 4-6 below, respectivelyOn both dryand

wet runways, brake pressure is released to the extent necessary to control
skidding. As the wheel returns to the synchronous speed, brake pressure is
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quickly increased to a pgetermined level and then gradually ramped up
to the fulkmetered brake pssure. On a dry runway, this type of response
reduces the depth and frequency of skidding compared to-afi on

system. However, on a wet runway, skidding occurs at a pressure below
that at which the gradual ramping of brake pressure occurs. As a rasult, o
wet runways the particular system showfiguire 4-6 operates very

similarly to an oroff system.

Figure 4-5. Anti-Skid System Response Characterigts: Quasi-Modulating
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Figure 4-6 Anti-Skid System Response Characteristics: Quadlodulating

Systemon Wet Runway
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4.3.7.4.8 When properly tuned, fully modulating systems are charactebiz@auch

smaller variations in brake pressure around a fairly high average value.
These systems can respond quickly to developing skids, and are capable of
modulating brake pressure to reduce the frequency and depth of skidding.
As a result, the average e#l speed remains much closer to the
synchronous wheel spedtlgure4-7 belowillustrates an example of the
response characteristics of a fully modulating system oarntywet

runways.
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Figure 4-7. Anti-Skid System Response Characteristics: Fullylodulating System
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Demonstration of Anti-Skid System Operationwhen Using the
Anti -Skid Efficiency Values Specified in 5.109(c)(2).

If the applicant elects to use one of the-aktd efficiency values

specified in 85.109(c)(2), a limited amount of flight testing must still be
conducted, per 85.109(c)(2), to demonstrate askid system operation
on a wet runway. Thitesting should be used to verify that the -skid
system operates in a manner consistent with the type edladtsystem
declared by the applicant, and that the-gkiil system has been properly
tuned for operation on wet runways.

A minimum of one cmplete stop, or equivalent segmented stops, should
be conducted on a smooth (i.e., not grooved or porous friction course) wet
runway at an appropriate speed and energy to cover the critical operating
mode of the antskid system. Since the objective of thet is to observe

the operation (i.e., cycling) of the aiskid system, this test will normally

be conducted at an energy level well below the maximum brake energy
condition.

The section of the runway used for braking should be well soaked (i.e., not
just damp), but not flooded. The runway test section should be wet enough
to result in a number of cycles of askid activity, but should not cause
hydroplaning.

Before taxi and with cold tires, the tire pressure should be set to the
highest value approgie to the takeoff weight for which approval is being
sought.

The tires and brakes should not be new, but need not be in the fully worn
condition. They should be in a condition considered representative of
typical in-service operations.

Sufficient data shald be obtained to determine whether the system
operates in a manner consistent with the type ofskidi system declared

by the applicant, provide evidence that full brake pressure is being applied
upstream of the ansikid valve during the flight tesiedhonstration,

determine whether the artkid valve is performing as intended, and show
that the antskid system has been properly tuned for a wet runway.
Typically, the following parameters should be plotted versus time

1. The speed of a representative m@mof wheels.

2. The hydraulic pressure at each brake (i.e., the hydraulic pressure
downstream of the anskid valve or tle electrical input to each
anti-skid valve).

3. The hydraulic pressure at each brake metering valve (i.e., upstream of
the antiskid valve.
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A qualitative assessment of askid system response and airplane
controllability should be made by the test pilot(s). In particular, pilot
observations should confirm that:

1. Anti-skid releases are neither excessively deep nor prolonged,;
2. The landing geais free of unusual dynamics; and

3. The airplane tracks essentially straight, even though runway seams,
water puddles, and wetter patches may not be uniformly distributed in
location or extent.

Determination of a Specific Wet Runway AntiSkid System Efficiency.

If the applicant elects to derive the asitid system efficiency from flight
test demonstrations, sufficient flight testing, with adequate
instrumentation, should be conducted to ensure confidence in the value
obtained. An antskid efficiency of 92ercent (i.e., a factor of 0.92) is
considered to be the maximum efficiency on a wet runway normally
achievable with fully modulating digital argkid systems.

A minimum of three complete stops, or equivalent segmented stops,
should be conducted on a wahway at appropriate speeds and energies

to cover the critical operating modes of the @&kid system. Alternatively,

if the operation and efficiency of the askid system on a wet runway can
be predicted by laboratory simulation data and validateitighy test
demonstrations, a lesser number of stops may be acceptable. In this case,
as many complete stops, or equivalent segmented stops, as necessary to
present six independent askid efficiency calculations should be
conducted on a wet runway atpappriate speeds and energies to cover the
critical operating modes of the aiskid system. An independent askid
efficiency calculation can be presented for each stop for each
independently controlled wheel, or set of wheels.

Since the objective of éhtest is to determine the efficiency of the -anti

skid system, these tests will normally be conducted at energies well below
the maximum brake energy condition. A sufficient range of speeds should
be covered to investigate any variation of the-akitdl eficiency with

speed.

The testing should be conducted on a smooth (i.e., not grooved or porous
friction course) runway. If the applicant chooses to determine accelerate
stop distances for grooved and porous friction course (PFC) surfaces under
§25.109(d)(2, testing should also be conducted on a grooved or porous
friction course runway to determine the askid efficiency value

applicable to those surfaces. Other means for determining thekahti
efficiency value for grooved and PFC surfaces may alscbeptable,

such as using the efficiency value previously determined for smooth
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runways, if that value is shown to also be representative of or conservative
for grooved and PFC runways.

The section of the runway used for braking should be well soaked(te.

just damp), but not flooded. The runway test section should be wet enough
to result in a number of cycles of askid activity, but should not cause
hydroplaning.

Before taxi and with cold tires, the tire pressure should be set to the
highest valueappropriate to the takeoff weight for which approval is being
sought.

The tires and brakes should not be new, but need not be in the fully worn
condition. They should be in a condition considered representative of
typical in-service operations.

A qualitatve assessment of arskid system response and airplane
controllability should be made by the test pilot(s). In particular, pilot
observations should confirm that:

1 The landing gear is free of unusual dynamics; and

1 The airplane tracks essentially straiggwten though runway seams,
water puddles, and wetter patches may not be uniformly distributed in
location or extent.

Two acceptable methods, referred to as the torque method and the wheel
slip method, for determining the wet runway asitid efficiency vale

from wet runway stopping tests are described below. Other methods may
also be acceptable if they can be shown to give equivalent results. The test
instrumentation and data collection should be consistent with the method
used.

Torque Method

1. Under the taque method, the arskid system efficiency is determined
by comparing the energy absorbed by the brake during an actual wet
runway stop to the energy that is determined by integrating, over the
stopping distance, a curve defined by connecting the peaks of
instantaneous brake force curve. (8gere 4-8 below.) The energy
absorbed by the brake during the actual wet runway stop is determined
by integrating lhe curve of instantaneous brake force over the stopping
distance.
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Figure 4-8. Instantaneous Brake Force and Peak Brake Force
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2. Using data obtained from the wet runway stoppexts of
paragrapht.3.7.60f this AC, instantaneous brake force can be

calculated from the following relationship:
0 Y 80
Y

Where:
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3. For brake installations where measuring brake torque directly is
impractical, torque may be determined frothey parameters (e.g.,
brake pressure) if a suitable correlation is available. Wheel
acceleration is obtained from the first derivative of wheel speed.
Instrumentation recording rates and data analysis techniques for wheel
speed and torque data should kedlywatched to the ansikid response

characteristics to avoid introducing noise and other artifacts of the
instrumentation system into the data.

4. Since the derivative of wheel speed is used in calculating brake force,
smoothing of the wheel speed datassally necessary to give good
results. The smoothing algorithm should be carefully designed as it
can affect the resulting efficiency calculation. Filtering or smoothing
of the brake torque or brake force data should not normally be done. If
conditioning s applied, it should be done in a conservative manner
(i.e., result in a lower efficiency value) and should not misrepresent
actual airplane/system dynamics.

5. Both the instantaneous brake force and the peak brake force should be
integrated over the stoppinijstance. The anskid efficiency value
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for determining the wet runway acceleratep distance is the ratio of
the instantaneous brake force integral to the peak brake force integral:
5 & BITQOWQAAQE &' NE 1, 0 O E6D It WO DIQ
i O e
TN Q@R 001 DI

Where:
i [ 0ENMDE BOE O®Q

6. The stopping distance is defined as the distance traveled during the
specific wet runway stopping demonstration, beginning when the full
braking configuration is obtained and ending at the lowest speed at
which antiskid cycling occurs (i.e., the brakes are not tofiuéed),
except that this speed need not be less than 10 knots. Any variation in
the antiskid efficiency with speed shouddso be investigated, which
can be accomplished by determining the efficiency over segments of
the total stopping distance. If significant variations are noted, this
variation should be reflected in the braking force used to determine the
acceleratestopdistances (either by using a variable efficiency or by
using a conservative single value).

4.3.7.6.11 Wheel Slip Method

1. At brake application, the tire begins to slip with respect to the runway
surface (i .e., the wheel speed sl ow
ground speed). As the amount of tire slip increases, the brake force
also increases until an optimal slip is reached. If the amount of slip
continues to increase past the optimal slip, the braking force will
decrease.

2. Using the wheel slip method, the askid efficiency is determined by
comparing the actual wheel slip measured during a wet runway stop to
the optimal slip. Since the wheel slip varies significantly during the
stop, sufficient wheel and ground speed data should be obtained to
determine the wéation of both the actual wheel slip and the optimal
wheel slip over the length of the stépsampling rate of at least
16 samples per second for both wheel speed and ground speed has
been found to yield acceptable fidelity.

3. For each wheel and ground spedata point, the instantaneous -anti
skid efficiency value should be determined from the relationship
shown infigure 4-9 below.
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Figure 4-9. Anti-Skid Efficiencyi Wheel Slip Relationship
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4. To determine the overall argkid efficiency value for use in
calculating the wet runway acceleratep distance, thinstantaneous
anti-skid efficiencies should be integrated with respect to distance and
divided by the total stopping distance:

Qs, | O D& Ot WO i'DIQ
6 & BIQQOM QOO QVQ E—r6 :

Where:
i 0& AN 60 0E OQ

5. The stopping distance is defined as the distance traveled during the
specific wet runway stopping demonstration, beginning when the full
braking configuration is obtained and ending at the lowest speed at
which antiskid cycling occurgi.e., the brakes are not torglimited),
except that this speed need not be less than 10 knots. Any variation in
the antiskid efficiency with speed should also be investigated, which
can be accomplished by determining the efficiency over segments of
thetotal stopping distance. If significant variations are noted, this
variation should be reflected in the braking force used to determine the
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acceleratestop distances (either by using a variable efficiency or by
using a conservative single value).

6. The applkant should provide substantiation of the optimal wheel slip
value(s) used to determine the askid efficiency value. An
acceptable method for determining the optimal slip value(s) is to
compare time history plots of the brake force and wheel slip data
obtained during the wet runway stopping tests. For brake installations
where measuring brake force directly is impractical, brake force may
be determined from other parameters (e.g., brake pressure) if a suitable
correlation is available. For those skidsaese wheel slip continues to
increase after a reduction in the brake force, the optimal slip is the slip
value corresponding to the brake force peak.ffgeee 4-10 belowfor
an example and note how both the actual wheel slip and the optimal
wheel slip can vary during the stop.

Figure 4-10. Substantiation of the Optimal Slip Value
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For dispatch with an inoperative aslid system (if approved), the wet
runway acceleratstop distances should be based on an efficiency no
higher than that allowed byZ.109(c)(2) for an owoff type of antiskid
system. The safety of this typéaperation should be demonstrated by
flight tests conducted in accordance with paragaptv.5of this AC.

Distribution of the Normal Load between Braked and Unbraked
Wheels.

In addition to taking into accotithe efficiency of the anskid system,

§ 25.109(b)(2)(ii) also requires adjusting the braking force for the effect of
the distribution of the normal load between braked and unbraked wheels at
the most adverse CG position approved for takeoff. The stgppice

due to braking is equal to the braking coefficient multiplied by the normal

|l oad (i .e., weight) on each braked
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weight being supported by the unbraked wheels (e.g., unbraked nose
wheels) does not contribute teetstopping force generated by the brakes.
In accordance with 85.21(a), this effect must be taken into account for
the most adverséG position approved for takeoff, considering any
redistribution in loads that occur due to the dynamics of the stopmdke
adverse CG position is the position that results in the least load on the
braked wheels.

4.3.7.9 Grooved and PorousFriction Course (PFC) Runways.

4.3.7.9.1 Properly designed, constructed, and maintained grooved and PFC runways
can offer significant improvements in weinway braking capability. A
conservative level of performance credit is provided B%.809(d) to
reflect this performance improvement and to provide an incentive for
installing and maintaining such surfaces.

4.3.7.9.2 In accordance with 885.105(c) and 25.109|dapplicants may optionally
determine the accelerastop distance applicable to wet grooved and PFC
runways. These data would be included in the AFM in addition to the
smooth runway accelerastop distance data. The braking coefficient for
determining lhe acceleratstop distance on grooved and PFC runways is
defined in 825.109(d) as either 70 percent of the braking coefficient used
to determine the dry runway acceleratep distances, or a curve based on
ESDU 71026 data and derived in a manner caerdistith that used for
smooth runways. In either case, the brake torque limitations determined on
a dry runway may not be exceeded.

4.3.7.9.3 Using a simple factor applied to the dry runway braking coefficient is
acceptable for grooved and PFC runways becausedhk brn g coef f i ci
variation with speed is much lower on these types of runways. On smooth
wet runways, the braking coefficient varies significantly with speed,
which makes it inappropriate to apply a simple factor to the dry runway
braking coefficient.

4.3.7.9.4  For applicants who choose to determine the grooved/PFC wet runway
acceleratestop distances in a manner consistent with that used for smooth
runways, 85.109(d)(2) provides the maximum ti@ground braking
coefficient applicable to grooved and PFC runsvalyhis maximum
tire-to-ground braking coefficient must be adjusted for the-skitl
system efficiency, either by using the value specified256.809(c)(2)
appropriate to the type of argkid system installed, or by using a specific
efficiency establised by the applicant. As argkid system performance
depends on the characteristics of the runway surface, a system that has
been tuned for optimum performance on a smooth surface may not
achieve the same level of efficiency on a grooved or porous frictarse
runway, and vice versa. Consequently, if the applicant elects to establish a
specific efficiency for use with grooved or PFC surfaces;skidi
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efficiency testing should be conducted on a wet runway with such a
surface, in addition to testing @smooth runway. Means other than flight
testing may be acceptable, such as using the efficiency previously
determined for smooth wet runways, if that efficiency is shown to be
representative of, or conservative for, grooved and PFC runways. Per

8 25.109(h(2)(ii), the resulting braking force for grooved/PFC wet
runways must be adjusted for the effect of the distribution of the normal
load between braked and unbraked wheels. This adjustment will be similar
to that used for determining the braking forcedimooth wet runways,
except that the braking dynamics should be appropriate to the braking
force achieved on grooved and PFC wet runways. Due to the increased
braking force on grooved and PFC wet runways, an increased download
on the nose wheel and corresdng reduction in the download on the
main gear is expected.

In accordance with 885.1533(a)(3) and 25.1583(h), grooved and PFC

wet runway acceleratgtop distances may be established as operating
limitations and be presented in the AFM, but approvak®these

distances is limited to runways that have been designed, constructed, and
maintained in a manner acceptable to the FAA Administrator. Airplane
operators who wish to use the grooved or PFC runway accestogate
distances will need to determinattihe design, construction, and
maintenance aspects are acceptable for each runway for which such credit
is sought. AC 150/53202C provides guidance relative to acceptable
design, construction, and maintenance practices for grooved and PFC
runway surface.

Reverse Thrust Performance Cred.

In accordance with 85.109(f), reverse thrust may not be used to
determine the accelerastop distances for a dry runway. For wet runway
acceleratestop distances, however2§.109(f) allows credit for the
stoppingforce provided by reverse thrust, if the requirements of §
25.109(e) are met. In addition, the procedures associated with the use of
reverse thrust, which 35.101(f) requires the applicant to provide, must
meet the requirements 022%.101(h). The followng criteria provide
acceptable means of demonstrating compliance with these requirements:

Procedures for using reverse thrust during a rejected takeoff should be
developed and demonstrated. These procedures should include all of the
pilot actions necessaty obtain the recommended level of reverse thrust,
maintain directional control and safe engine operating characteristics, and
return the reverser(s), as applicable, to either the idle or the stowed
position. These procedures need not be the same as¢hosamended

for use during a landing stop, but should not result in additional hazards
(e.g., cause a flameout or any adverse engine operating characteristics),
nor should they significantly increase flightcrew workload or training
needs.
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It should be demnstrated that using reverse thrust during a rejected
takeoff complies with the engine operating characteristics requirements of
§ 25.939. The reverse thrust procedures may specify a speed at which the
reverse thrust is to be reduced to idle in order tmtaia safe engine
operating characteristics.

The time sequence for the actions necessary to obtain the recommended
level of reverse thrust should be demonstrated by flight test. The time
sequence used to determine the accelstate distances should redt the

most critical case relative to the time needed to deploy the thrust reversers.
For example, on some airplanes the outboard thrust reversers are locked
out if an outboard engine fails. This safety feature prevents the pilot from
applying asymmetriceverse thrust on the outboard engines, but it may

al so delay the pilotbs selection of
In addition, if the selection of reverse thrust is the fourth or subsequent
pilot action to stop the airplane (e.g., after nararake application,
thrust/power reduction, and spoiler deployment), aseeond delay

should be added to the demonstrated time to select reverse thrust. (See
figure 4-1 of this AC.)

The response timeax the affected airplane systems to pilot inputs should

be taken into account. For example, delays in system operation, such as
thrust reverser interlocks that prevent the pilot from applying reverse
thrust until the reverser is deployed, should be takinaccount. The

effects of transient response characteristics, such as reverse thrust engine
spinup, should also be included.

To enable a pilot of average skill to consistently obtain the recommended
level of reverse thrust under typicatservice coniions, a lever position

that incorporates tactile feedback (e.g., a detent or stop) should be
provided. If tactile feedback is not provided, a conservative level of
reverse thrust should be assumed.

The applicant should demonstrate that exceptionaliskilbt required to
maintain directional control on a wet runway with a-keot crosswind

from the most adverse direction. For demonstration purposes, a wet
runway may be simulated by using a nose wheel free to caster on a dry
runway. Symmetric braking sbtal be used during the demonstration, and
both allenginesoperating and criticaéngineinoperative reverse thrust
should be considered. The brakes and thrust reversers may not be
modulated to maintain directional control. The reverse thrust procedures
may specify a speed at which the reverse thrust is reduced to idle in order
to maintain directional controllability.

Compliance with the requirements of 28.901(b)(2), 25.901(c),
25.1309(b), and 25.1309(c) will be accepted as providing compliance with
theisafe and r el i ab2b.80b(h)@)eand?s10He){B.nt s
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The number of thrust reversers used to determine the wet runway
acceleratestop distance data provided in the AFM should reflect the
number of engines assumed to be operating duringejbeted takeoff,

along with any applicable system design features. Thenglihes

operating accelerat&op distances should be based on all thrust reversers
operating. The onrengineinoperative accelerat&top distances should be
based on failure of thcritical engine. For example, if the outboard thrust
reversers are locked out when an outboard engine fails, the
oneengineinoperative accelerate stop distances can only include reverse
thrust from the inboard engine thrust reversers.

For the engine faire case, it should be assumed that the thrust reverser
does not deploy (i.e., no reverse thrust or drag credit for deployed thrust
reverser buckets on the failed engine).

For approval of dispatch with one or more inoperative thrust reverser(s),
the assoated performance information should be provided either in the
AFM or the master minimum equipment list (MMEL).

The effective stopping force provided by reverse thrust in each, or at the
option of the applicant, the most critical takeoff configurationukhbe
demonstrated by flight test. (One method of determining the reverse thrust
stopping force would be to compare unbraked runs with and witheut

use of thrust reverserfegardless of the method used to demonstrate the
effective stopping force praded by reverse thrust, flight test
demonstrations should be conducted using all of the stopping means on
which the AFM wet runway acceleraséop distances are based in order to
substantiate the accelera®p distances and ensure that no adverse
combindion effects are overlooked. These demonstrations may be
conducted on a dry runway.

For turbopropeller powered airplanes, the criteria of parageafhis.10.1
through4.3.7.10.11above remain generally applicable. Additionally, the
propeller of the inoperative engine should be in the position it would
normally assume when an engine fails and the power lever is closed.
Reverse thrust may be selected on the remainigme(s). Unless this
selection is achieved by a single action to retard the power lever(s) from
the takeoff setting without encountering a stop or lockout, it should be
regarded as an additional pilot action for the purposes of assessing delay
times. If ths action is the fourth or subsequent pilot action to stop the
airplane, a onsecond delay should be added to the demonstrated time to
select reverse thrust.
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4.4 Takeoff Pathd § 25.111.

4.4.1 Section 25.111(a).

4411 Explanation.

The takeoff path requirements of § 25.144d the reductions to that path
required by 8§ 25.115, are established so that performance data can be
provided in the AFM for use in assessing vertical clearance of obstacles
under the takeoff flight path.

441.2 Procedures.

The height references inZ.111 shald be interpreted as geometric

heights. Section 25.111(a) requires the actual takeoff path (from which the
net takeoffflight path is derived) to extend to thegherof where the

airplane is 1,500 feet above the takeoff surface or to the altitude &t whic
the transition to en route configuration is complete and the final takeoff
speed (Vo) Is reached.

4.4.2 Section 25.111(a)(d) Takeoff Path Power/Thrust Conditions.

4421 Explanation.

In accordance with 85.111(d), the takeoff path must be established either
from continuous demonstrated takeoffs or by synthesis from segments. If
determined from segments, it must be shown by continuous demonstrated
takeoff to be conservative, in accordance witb8.11(d)(4).

44272 Procedures.

4.4.2.2.1 To be assured that the predicted takeoff mtepresentative of actual
performance, construct the path using the power or thrust required by 8
25.101(c). This requires, in part, that the power or thrust be based on the
particular ambient atmospheric conditions that are assumed to exist along
the mth. The standard lapse rate for ambient temperature as specified in
the 1962 U.S. Standard Atmosphere part 1 should be used for power or
thrust determination associated with each pressure altitude during the
climb.

4.4.2.2.2 In accordance with § 25.111(c)(4), thewer or thrust up to 400 feet
above the takeoff surface must represent the power or thrust available
along the path resulting from the power lever setting established during
the initial ground roll in accordance with AFM procedures. This resulting
power orthrust may be less than that available from the rated inflight
setting schedule.

4.4.2.2.3 A sufficient number of takeoffs, to at least the altitude above the takeoff
surface scheduled for2\¢limb, should be made to establish the power or
thrust lapse for a fixedower or thrust lever setting. An analysis may be
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used to account for various engine bleeds (e.g., ice protection, air
conditioning, etc.) and for electrical, pneumatic, and mechanical power
extraction. In some airplanes, the power or thrust growth cleaistats

are such that less than full rated power or thrust is used for AFM takeoff
power/thrust limitations and performance. This is to preclude engine
limitations from being exceeded during the takeoff climbs to 400 feet
above the takeoff surface.

Enginepower or thrust lapse with speed and altitude during the takeoff
and climb, at fixed power or thrust lever settings), can be affected by
takeoff pressure altitude.

Most turbine engines are sensitive to crosswind or tailwind conditions,
when setting takebpower under static conditions, and may stall or surge.
To preclude this problem, it is acceptable to establish a rolling takeoff
power or thrust setting procedure, provided the AFM takeoff field length
and the takeoff power or thrust setting charts ameet) on this procedure.
Demonstrations and analyses have been accepted in the past showing a
negligible difference in distance between static and rolling takeoffs. A
typical test procedure is as follows:

1. After stopping on the runway, set an intermediat@gyoor thrust on
all engines (power setting selected by applicant).

2. Release brakes and advance power or thrust levers.

3. Set target power or thrust setting as rapidly as possible prior to
reaching 60 to 80 knots.

4. No adverse engine operating characteristicaill exist after
completion of the power détg through the climb to 1,50@et above
the airport and attainment of the en route configuration. Tests should
be conducted to determine if any engine operating problems exist for
takeoffs conducted throughioilne altitude range for which takeoff
operations are to be scheduled in the AFM.

If the applicant wishes to use a different procedure, it should be evaluated
and, if found acceptable, the procedure should be reflected in the AFM.

Section 25.111(a)(®) Engine Failure.

4431

44311

Explanation.

Since the regulations cannot dictate what type of engine failures may
actually occur, it could be assumed that the engine failure required by the
regulation occurs catastrophically. Such a failure would cause the power
or thrust todrop immediately, with the associated performance going from
all-enginesoperating to one@ngineinoperative at the point of engine

failure.
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4.4.3.1.2 This conservative rationale notwithstanding, there is a basis for assuming
that the failed engine power or thrugtl not decay immediately. Unlike
reciprocating engines, the lockiug of a jet engine fan without causing
the engine to separate from the airplane is highly unlikely. Separation of
the engine or fan, or fan disintegration, would remove weight and/or the
ram drag included in the engine inoperative performance, providing
compensation for the immediate thrust loss.

4.4.3.1.3 With these considerations, it may be acceptable to use the transient power
or thrust as the failed engine spools down @t Yhe power or thrugime
history used for data reduction and expansion should be substantiated by
test results.

4.4.3.1.4 Inthe case of propellairiven airplanes, consideration should also be
given to the position of the failed
failure. These aplanes typically incorporate an automatic system to drive
the propeller to a low drag position when an engine fails. The loss of
power in this case will be much more sudden than the turbojet engine
spooldown described above.

4.4.3.2 Procedures.

4.4.3.2.1 For turbojet powexd airplanes, if transient thrust credit is used during
engine failure in determining the oeagineinoperative AFM takeoff
performance, sufficient tests should be conducted using actual fuel cuts to
establish the thrust decay as contrasted to idle ewgiseFor derivative
programs not involving a new or modified engine type (i.e., a modification
that would affect thrust decay characteristics), fuel cuts are unnecessary if
thrust decay characteristics have been adequately substantiated.

4.4.3.2.2 For propeller dven airplanes, the use of fuel cuts can be more important
in order to ensure that the takeoff speeds and distances are obtained with
the critical engineds propeller atta
sudden engine failure. The number of tests thatil be conducted using
fuel cuts, if any, depends on the correlation obtained with the idle cut data
and substantiation that the data analysis methodology adequately models
the effects of a sudden engine failure.

4.4.4 Section 25.111(a)(8) Airplane Acceleratin.

4441 Explanation.
None.

4442 Procedures
None.
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445 Section 25.111(18) Airplane Rotation and Gear Retraction.

4451 Explanation.

The rotation speed,n/is intended to be the speed at which the pilot
initiates action to raise the nose wheel(s) off the ground during the
acceeration to \4. Consequently, the takeoff path, determined in
accordance with 8 25.111(a) and (b), should assume that pilot action to
raise the nose wheel(s) off the ground will not be initiated until the speed
Vr has been reached.

4452 Procedures.

The time betwen liftoff and initiation of gear retraction during takeoff
distance demonstrations should not be less than that necessary to establish
an indicated positive rate of climb plus one second. For the purposes of
flight manual expansion, the average demotetréime delay between

liftoff and initiation of gear retraction may be assumed; however, this

value should not be less than 3 seconds.

446 Section 25.111(c)(®) Takeoff Path Slope.

446.1 Explanation.

4.4.6.1.1 Establishing a horizontal segment as part of the takeoff flightipa
considered to be acceptable, per § 25.115(c), for showing compliance with
the positive slope required by?$.111(c)(1).

4.4.6.1.2 The net takeoff flight path is the flight path used to determine compliance
with the airplane obstacle clearance requirementiseodpplicable
operating rules. Section 25.115(b) states the required climb gradient
reduction to be applied throughout the flight path for the determination of
the net flight path, including the level flight acceleration segment. Rather
than decreasing ¢hlevel flight path by the amount required by
§25.115(b), 85.115(c) allows the airplane to maintain a level net flight
path during acceleration, but with a reduction in acceleration equal to the
gradient decrement required by § 25.115(b). By this methedaltitude
reduction is exchanged for increased distance to accelerate in the level
flight portion of the net takeoff path.

4.46.2 Procedures.

The level acceleration segment in the AFM net takeoff profile should
begin at the horizontal distance along the ¢ékiight path where the
actual airplane height, without the gradient reductions28.815(b),
reaches the AFM specified acceleration height.
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447 Section 25.111(c)(?) Takeoff Path Speed.

44.7.1 Explanation.

4.4.7.1.1 ltisintended that the airplane be flown at a constaditated airspeed to
at least 400 feet above the takeoff surface. This speed must meet the
constraints on Yof §25.107(b) and (c).

4.4.7.1.2 The specific wording of 8§ 25.111(c)(2) should not be construed to imply
that above 400 feet the airspeed may be reducedbél, but instead that
acceleration may be commenced.

4.47.2 Procedures.

4.4.7.2.1 For those airplanes that take advantage of reduced stall speeds at low
pressure altitude, the scheduling efshhould not be factored against the
stall speed obtained at the takeoff surfaEssure altitude. Such a
procedure would result in a reduced stall speed margin during the climb,
which would be contrary to the intent of 8 25.107(b).

4.4.7.2.2 For those airplanes mentioned in paragrégh7.labove the V- should
be constrained, in addition to the requirements 26.807(b) and (c), by
the stall speed 1,500 feet above the takeoff surface. Weight reduction
along the takeoff path, due to fuel burn, may be considered in the
calculation of the stall s ratios, provided it is well established.
However, many applicants have measured stall speeds at 10,000 to
15,000feet, which provides a conservative stall margin at lower takeoff
field pressure altitudes.

4.4.8 Section 25.111(c)(d®) Required Gradient.

4481 Explanation.
None.

4.48.2 Procedures
None.

449 Section 25.111(c)(4) Configuration Changes.

449.1 Explanation.

4.4.9.1.1 The intent of this requirement is to permit only those crew actions that are
conducted routinely to be used in establishing theemmgneinoperative
takeoff path. The @wer/thrust levers may only be adjusted early during
the takeoff roll and then left fixed until at least 466t above the takeoff
surface.
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Simulation studies and accident investigations have shown that when high
workload occurs in the cockpit, as with emgine failure during takeoff,

the crew might not advance the power/thrust on the operative engines,
even if the crew knows the operative engines have been set at reduced
power/thrust and a power/thrust increase is needed for terrain avoidance.
This samdinding applies to manually feathering a propeller. The landing
gear may be retracted, however, as this is accomplished routinely once a
positive rate of climb is observed. Also, automatic propeller feathering is
specifically allowed by the rule. Guidanadated to performance credit

for automatic propeller feathering is provided in paragragtd.2below.

Although performance credit for pilot action to increase power/thrust
below 400 feet above the takeoff fawe is not permitted, performance
credit is allowed for an automatic power advanc€T&Sare addressed
in 8 25.904, and the related performamneguirements are described in
appendix to part 25.

Procedures.

Propeller pitch setting generally has a digant effect on minimum

control speeds and airplane drag. The magnitude of these effects is such
that continued safe flight may not be possible should a combined failure of
an engine and its automatic propeller feathering system occur at a takeoff
speed bsed on operation of that system. When this is the case,
§25.1309(b)(1) requires the probability of this combined failure to be
extremely improbable (on the order of%l@er flight hour).

In determining the combined engine and automatic propeller drag
reduction system failure rate of paragraph.9.2.1above, the engine
failure rate should be substantiated. Notwithstanding tiservice engine
failure rate, the failure of the automatic propeller drag reda&ystem
should be shown not to exceed*iger flight hour.

The automatic propeller feathering system should be designed so that it
will automatically be disabled on the operating engine(s) following its
activation on the failed engine. The probabilityaafunwanted operation

of the automatic propeller drag reduction system on an operating engine,
following its operation on the failed engine, should be shown to be
extremely improbable (on the order of°lfer flight hour).

If performance credit is givefior operation of the automatic propeller
feathering system in determining the takeoff distances, the propeller of the
failed engine must also be assumed to be in the reduced drag position in
determining the accelerastop distances.

The limitations sectio of the AFM should require the flightcrew to
perform a functional check of the automatic propeller feathering system.
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The frequency with which flightcrew functional checks and ground
maintenance checks must be performed should be considered in the
evaluaion of the system reliability.

4.4.9.2.6 Clear annunciations should be provided to the flightcrew to indicate the
following when

T The automatic propell er dyamdg reduct

1 A malfunction exists in the automatic propeller feathering system.

4410 Section25.111(dd Takeoff Path Construction.

4.4.10.1 Explanation.

This regulation should not be construed to mean that the takeoff path must
be constructed entirely from a continuous demonstration or entirely from
segments. To take advantage of ground effect, typical fdidgloff paths

use a continuous takeoff path fromo¥ to the gear up point, covering the
range of thrusto-weight ratios. From that point free air performance, in
accordance with § 25.111(d)(2), is added segmentally. This methodology
may Yyield an AFM flght path that is steeper with the gear down than up.

4.4.10.2 Procedures.

The AFM should include the procedures necessary to achieve this
performance.

4411 Section 25.111(d)(®) Takeoff Path Segment Definition.

44.11.1 Explanation.
None.

4.4.11.2 Procedures
None.

4.4.12 Section 25.111(d)(®) Takeoff Path Segment Conditions.

44121 Explanation.

Section 25.111(d) (3t at es: A The weight of the &
and the power or thrust must be constant throughout each segment and

must correspond to the most critical condition prevailing in¢hgsne nt . 0

The intent is that, for simplified analysis, the performance is based on that

value available at the most critical point in time during the segment, not

that the individual variables (weight, approximate power or thrust setting,

etc.) are each pked at their most critical value and then combined to

produce the performance for the segment.
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4.4.13

4.4.14

4.4.12.2

4412.2.1

4.4.12.2.2

4.4.12.2.3

AC 257D

Procedures.

The performance during the takeoff path segments should be obtained
using one of the following methods:

The critical level of performance as explairne paragrapd.4.12.1
above

The average performance during the segment; or

The actual performance variation during the segment.

Section 25.111(d)(3) Segmented Talkdf Path Ground Effect.

44131

4.4.13.2

Explanation.

This requirement does not intend the entire flight path to necessarily be
based upon otaf-groundeffect performance simply because the
continuous takeoff demonstrations have been broken into sections for data
reduction expediency. For example, if the engine inoperative acceleration
from Verto Vris separated into a power or thrust decay portion and a
windmilling drag portion, the climb from 35 feet to gear up does not
necessarily need to be based uponaftgroundeffect performance.

(Also, see the explanation 02%.111(d) in paragraph4.12.10f this

AC.)

Procedures.
None.

Section 25.111(d)(&) Seamented Takeoff Path Check.

44.14.1

4.4.14.2

Explanation.
None.

Procedures.

If the construabn of the takeoff path from brake release toouground
effect contains any portions that have been segmentedajeptane
acceleration segments with-alhginesoperating and
oneengineinoperative), the path should be checked by continuous
demonstated takeoffs. A sufficient number of these, employing the AFM
established takeoff procedures and speeds and covering the range of
thrustto-weight ratios, should be made to ensure the validity of the
segmented takeoff path. The continuous takeoff dataldiibe compared

to takeoff data calculated by AFM data procedures, but using test engine
thrusts and test speeds.

4.4.15 Section 25.111(é) Flight Path with Standby Power Rocket Engines.

[Reserved]
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4.5 Takeoff Distance and Takeoff Rud § 25.113.

451 Takeoff Distance on Bry Runway 8§ 25.113(a).

451.1 The takeoff distance on a dry runway is the longer of the two distances
described in paragrapdss.1.1.1and4.5.1.1.2below. The distances
indicated below are measured horizontally from the main landing gears at
initial brake release to that same point on the airplane when the lowest part
of the departing airplane is 35 feet above the surface ofitiveay.

45.1.1.1 The distance measured to 35 feet with a critical engine failure occurring at
Ver as shown irfigure 4-11 below.

Figure 4-11. Takeoff Distance on a Dry Runway: Critical Engine Fails at \¢r

=V,
START Vg V) V. oF L - 4
I- TAKEQFF DISTANCE .|

45.1.1.2 One hundred fifteen percent of the distance measured to the 35 feet height
above the takeoff surface with-ghginesoperating as shown in
figure 4-12 below. In establishing the a#nginesoperating takeoff
distance,2 5. 113(a) (2) requires the distan
procedure consistent with85 . 1 1 ledff P&th).d ke interpretation of
this statement is that the -@hginesoperating takeoff distance should

1 Be based on the airplane reaching a speed of V2 before it is 35 feet
above the takeoff surface; and

1 Be consistent with the achievement of a smo@thdition to the steady
initial climb speed at a height of 400 feet above the takeoff surface.
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45.2

Figure 4-12. Takeoff Distance: AlFEnginesOperating

START
1EIIIFL OF - — .
T 35"
4 — ¥
. ALL ENGINE DISTANCE o J
¢ TAKEOFF DISTANCE=1.15 x ALL ENGINE DISTANCE TO 35*
45.1.2 In accordance with 85.101¢), the takeoff distance must be based on the

procedures established for operation in service.

Takeoff Distance on a Wet Runwiag 25.113(b).

4521 The takeoff distance on a wet runway is the longer of the takeoff distance
on a dry runway (using the dry runway $peed), determined in
accordance with paragrapth$.1.1.1and4.5.1.1.2of this AC, or the
distance on a wet runway using a reduced height at the end of the takeoff
distance (and the wet runway $peed) as described in paragrdph?2.2
below.

45.2.2 The takeoff distance on a wet runway is determined as the horizontal
distance the main landing gear travels from brake releabe fmint
where the lowest part of the airplane isfé&t above the takeoff surface.
The airplane must attain a height of 15 feet above the takeoff surface in a
manner that will allow Yto be achieved before reaching a height of
35feet above the takeo$urface in accordance with2®.113(b)(2) and as
shown infigure 4-13 below.

Figure 4-13. Takeoff Distane on a Wet Runway: Critical Engine Fails at \&r

-
START Vi V1 Vieor Pl T
—
e - as'
s }
e e —— e e e e e e Y
I< WET RUNWAY TAKEOFF DISTANCE |
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453 Takeoff Ru® § 25.113(c).

45.3.1 The concept of takeoff run was introduced by&RA to allow credit for
a portion of the airborne part of the takeoff distance to be flown over a
clearway.(See paragraph.5.3.30f this AC for a definition of clearway.)
The takeoff run is the portion of the takeoff distance that must take place
on or over the runway in accordance with the applicable operatieg ttl
there is no clearway, the takeoff run is equal to the takeoff distance. If
there is a clearway, the takeoff run is the longer described in
paragrapht.5.3.1.1or 4.5.3.1.2below. These distances are measured as
described in paragrapgh5.1.1for § 25.113(a). When using a clearway to
determine the takeoff run, no more than one half of the air distance from
Vor to Vas may be flown over the clearway.

45.3.1.1 The takeoff runway is the distance from the start of the takeoff roll to the
mid-point between liftoff and the point at which the airplane attains a
height of 35 feet above the takeoff surface, with a critical engine failure
occurring at \¢r, as shown irfigure 4-14 below. For takeoff on a wet
runway, the takeoff run is equal to the takeoff distance (i.e., there is no
clearway crdit allowed on a wet runway).

Figure 4-14. Takeoff Run: Critical Engine Fails at Ver

START _
—

v

Ve W, LOF o - T-

- 3s'

—_—

v __ =" MID-POINT _l
GROUND ROLL o
|

TAKEOFF RUN  {(RUNWAY REQUIRED) _L CLEARWAY
TAKEQFF DISTANCE i

4.5.3.1.2 One hundred fifteen percent of the distance from the start of the takeoff
roll to the midpoint between liftoff andhe point at which the airplane
attains a height of 35 feet above the takeoff surface, with all engines
operating, as shown figure 4-15 of this AC. In establishing the
all-enginesoperating takeoff rung§ 25.113(c)(2) requires the distance to
be fi...determined by a procedure con
The interpretation of that statement is that theealiinesoperating
takeoff run should:

1 Be based on the airplane reaching a speed dfe¥@e it is 35 feet
above the takeoff surface;@n

1 Be consistent with the achievement of a smooth transition to the steady
initial climb speed at a height of 400 feet above the takeoff surface.
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Figure 4-15. Takeoff Run: All-EnginesOperating

START
—_—
Vi Vi L~ T
— 35"
-~ =" MID-POINT J
—_—
GROUND ROLL R AIR DISTANCE M|
DISTANCE TO MID-FOINT i | !
TAKEQFF RUN = 1.15 X DISTANCE TO MID-POINT (runway REQ'D) | | CLEARWAY REQD
el T ______
TAEFOFF DISTANCE =1.15 X ALL FNGINE DISTANCE TO 35°

4.5.3.2

45.3.3

There may be situations where the takeoff run may be longer for the
oneengineinoperative condition (paragraghb.3.1.1of this AC) while

the takeoff distance is long#r the altenginesoperating condition
(paragraph.5.3.1.20f this AC), or vice versa. Therefore, both conditions
should always be considered.

Clearway is defined in 14 CFR part 1 as a plane extending frerand of

the runway with an upward slope not exceeding 1.25 percent, above which
no object nor any terrain protrudes. For the purpose of establishing takeoff
distances and the length of takeoff runs, the clearway is considered to be
part of the takeoff stace extending with the same slope as the runway,

and the 35 feet height should be measured from that surface. (See

figure 4-16 of this AC)
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Figure 4-16. Clearway Profiles
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4.6 Takeoff Flight Pathd § 25.115.

4.6.1 Takeoff Flight Path § 25.115(a).

46.1.1

4.6.1.2

Explanation.

The takeoff flight path begins at the end of the takeoff distance and at a

height of 35 feet above the takeoff surface. The thlkght path ends

when the airplaneds ac tfeetabovelthei ght i s
takeoff surface or at an altitude at which the en route configuration and

final takeoff speed have been achieved. (See paragrdphthis AC for

additional discussion.) Section 2%5(a) states that the takedffs h a | | be
considered o begin 35 feet above the takec
the case of a wet runway t hefeedi rpl an
This wording allows the same takeoff flight path determined under

8 25.115 for a dry runway takeoff to also be used for a wet runway

takeoff. For takeoffs from wet runways, the actual airplane height will be

20 feet lower than the takeoff flight path deténed under 5.115 for

takeoff from a dry runway. Therefore, the airplane will be 20 feet closer
vertically to obstacles after taking off from a wet runway compared to

taking off from a dry runway.

Procedures.
Seefigure 4-17 of this AC.
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4.6.1.2.1 Infigure4-17, the final takeoff segment will usually begin with the
airplane in the emoute configuration and with maximum continuous
power or thrust, but it is noequired that these conditions exist until the
end of the takeoff path when compliance with58121(c) is shown. The
time limit on takeoff power or thrust cannot be exceeded.

4.6.1.2.2 Infigure4-17, path 1 deqts a flight path based on a minimum 400t
leveloff for acceleration and flap retraction following the second segment
climb portion of the flight path. Path 2 depicts the upper limit of the
takeoff flight path following an extended second segment. épg on
obstacle clearance needs, the second segment may be extended to a height
of more than 1500 feet above the takeoff surface.

Figure 4-17. Takeoff Segments and Nomenclature

TAKEOFF FLIGHT
PATH
//Aiﬂ_TUA_L HT A

PATH2 7 O1500 FEET 1500 FEI

TAKEOFF DISTANCE (LONGER
<€ OF 1 ENG INOP TAKEOFFOR

LIS ALL ENG TAKEOFF) ACTUAL HEIGHTS ARE
REFERENCED TO
Ver Vior GEARRETRACTION  piynwAY ELEVATION
COMPLETE AT END OF TAKEOFF
R DISTANCE
SEGMENT* GROUNDROYL TV 1sT 2ND | ACCELERATION [, FINAL |
h ¢ q
LANDING GEAR DOWN N " RETRACTED s
Q] 14
FLAPS TAKEOFF ) [RETRACTING (SEE NOTE) ENRQUTE
LA L4
ABOVE 400 FT THRUST CAN BE REDUCED IF THE REQUIREVENTS MAXIMUM
THRUST/POWER | TAKEOFF (o 25 111(C)(3) CAN BE MET WITHLESS THAN TAKEQRF THRUST (SEENOTE)  S6RTiNUoUS
AIRSPEED ACCELERATING L v, ACCELERAHI\GJ Vo e
I\ Md 4
L] L] L]
ENGINES ALL OPERATING ONE INOPERATIVE
PROPELLER TAKEOFF |  ONEAUTCFEATHEREDGRWINDMILLING ;L ONE FEATHERED

¢
LA

UP TO 400 FEET "~ 400 FEET OR GREATER

4.6.2 Net Takeoff Flight Pat® 8§ 25.115(b) and (c).
46.2.1 Explanation.

4.6.2.1.1 The net takeoff flight path is the actual flight path diminished by a
gradient of 0.8 percent for twengine airplanes, Of8ercent for
threeengine airplanes, and 1p@rcent for fowengine a@planes.

4.6.2.1.2 For the level flight acceleration segment, these prescribed gradient
reductions may be applied as an equivalent reduction in acceleration in
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lieu of reduction in net flight path. (See paragrdph6of this AC for
additional discussion.)

4.6.2.2 Procedures.
Seefigure 4-18 below.

Figure 4-18. Net Takeoff Flight Path

>400 FTACTUAL _ 7~

FLIGHT PATH, ~
—— 7 <
_ - NET FLIGHT PATH_ -

- OBSTACLE FLIGHT PATH —}~

LEVEL FROM
35' POINT

4.7 Climb: Generald §25.117.

4.7.1 Explanation.
This section states the climb requirements 028819 and 25.121 must be complied
with at each weight, altitude, and ambient temperature within the operational limits
established fothe airplane and with the most unfavoraBI8 for each configuration.
The effects of changes in the airplaneds t
recommended constant indicated (or calibrated) climb speed should be taken into
account when showing complie@with these climb requirements.

4.7.2 Procedures.
None.

4.8 Landing Climb: All -EnginesOperatingd § 25.119.

4.8.1 Explanation.
Section 25.119(a) states that the engines are to be set at the power or thrust that is
available 8 seconds after starting to move the powdmrostt controls from the
minimum flight idle position to the garound power or thrust setting. Use the
procedures given below for the determination of this maximum power or thrust for
showing compliance with the climb requirements @58119.
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4.8.2 Procedures.

4821 The engines should be trimmed to the low side of the idle trim band, if
applicable, as defined in the airplane maintenance manual. The effect of
any variation in the idle fuel flow schedule for engines with electronic fuel
controllers is typically negligile (but any such claim should be adequately
substantiated).

4.8.2.2 At the most adverse test altitude, not to exceed the maximum field
elevation for which certification is sought plus 1,500 feet, and with the
most adverse bleed configuration expected in normahtipas, stabilize
the airplane in level flight with symmetrical power or thrust on all engines,
landing gear down, flaps in the landing position, at a speeagf Retard
the throttle(s) of the test engine(s) to flight idle and determine the time
neededo reach a stabilized RPM, as defined below, for the test engine(s)
while maintaining level flight or the minimum rate of descent obtainable
with the power or thrust of the remaining engine(s) not greater than
maximum continuous thrust (MCT). Engine fligble RPM is considered
to be stabilized when the initial rapid deceleration of all rotors is
completed. This has usually bee2® seconds. This can be determined in
the cockpit as the point where rapid movement of the tachometer ceases.
For some airplags it may be desirable to determine the deceleration time
from plots of RPM versus time.

48.2.3 For the critical air bleed and power extraction configuration, stabilize the
airplane in level flight with symmetric power or thrust on all engines,
landing gear dowrflaps in the landing position, at a speed ety
simulating the estimated minimum clirtimited landing weights at an
altitude sufficiently above the selected test altitude so that time to descend
to the test altitude with the throttles closed equasathpropriate engine
RPM stabilization time determined in paragrdp8.2.2above. Retard the
throttles to the flight idle position and descend atAfo approximately
the test altitude. When the appropriatedihas elapsed, rapidly advance
the power or thrust controls to the-gmund power or thrust setting. The
power or thrust controls may first be advanced to the forward stop and
thenretardedtothegor ound power or thrust sett
option, additional less critical bleed configurations may be tested.

4.8.2.4 The power or thrust that is available 8 seconds after starting to move the
power or thrust controls from the minimum flight idle position, in
accordance with paragragiB.2.3above, is the maximum permitted for
showing compliance with the landing climb requirements 26.819(a),
and Section 4T.119(a) of S/R22B (seappendixD of this AC) for each
of the bleed and power extraction combinations tested in accordance with
paragraph.8.2.3above. Unless AFM performance data are presented for
each specific bleed and power extraction level, the AFM performanae da
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4.9.2
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should be based on the power or thrust obtained with the most critical
power extraction level.

4.8.2.5 For airplanes equipped with autothrottles that will be used for approach
and gearound, the effect of using the autothrottle to setigmnd power
or thrustshould be determined. One way to do this would be to complete
the test procedure given in paragrdp8.2.3 except that the airplane
should be stabilized of3° approach path, nominal power extraction, at
the weight that gives the lowest power or thrust for that condition. The
autothrottle should then be used to increase the power or thrust to the
go-around power or thrust setting. The power or thrust used to show
compliance with 5.119(a) should be the lessdr

4.8.2.5.1 The power or thrust that is available 8 seconds after selectionarbgad
power or thrust using the autothrottle; or

4.8.2.5.2 The power or thrust determined under paragrapt®.4of this AC.

Climb: One-Engine-Inoperatived § 25.121.

Explanation.
Section 25.121 contains oeagineinoperative climb gradient capability requirements
for the first, second, and final takeoff segments as well as for approach.

Procedures.

4921 Two methods for establishing ceagineinoperatve climb performance
follow:

4.9.2.1.1 Reciprocal heading climbs are conducted at several #towstight
conditions from which the performance for the AFM is extracted. These
climbs are flown with the wings nominally level. Control forces should be
trimmed out asnuch as possible, except for the takeoff climbs with gear
extended where the takeoff trim settings are to be retained to represent an
operationally realistic drag level. Reciprocal climbs may not be necessary
if inertial corrections (or another equivalenéans) are applied to account
for wind gradients.

4.9.2.1.2 Drag polars and orengineinoperative yaw drag data are obtained for
expansion into AFM climb performance. These data are obtained with the
wings nominally level. Reciprocal heading check climbs are cdaduo
verify the predicted climb performance. These check climbs may be flown
with the wings maintained in a near level attitude. Reciprocal climbs may
not be necessary if inertial corrections (or another equivalent means) are
applied to account for wingradients.
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49.2.2 If full rudder with wings level cannot maintain constant heading, small
bank angles of up to 2° to 3° into the operating engine(s), with full rudder,
should be used to maintain constant heading. Unless the landing lights
automatically retract i engine failure, testing should be conducted with
the lights extended for § 25.121(a) Takeoff; landing gear extended,

§ 25.121(b) Takeoff; landing gear retracted, and 8 25.121(d) Approach.

49.2.3 The climb performance tests with landing gear extended, in aouoed
with § 25.121(a), may be conducted with the landing gear and gear doors
in a stable fully extended position. However, the critical configuration for
the landing gear extended climb is considered to be that which presents the
largest frontal area toéhlocal airflow. This would normally be with no
weight on the landing gear (full strut extension and trucks tilted) and all
gear doors open. Since the takeoff path will be determined either from
continuous takeoffs, or checked by continuous takeoffs gtcocted by
the segmental method (Refer to § 25.111(d)), anycamiservatism
arising from the gear doors fAcl osedo
be corrected for. Also, some measure of conservatism is added to the
landing gear extended climb penigance by the requirement of
§25.111(d) (3) for the takeoff path de
performance without ground effect. While during an actual takeoff the
airplane may accelerate fromd# towards 4, the climb gradient for
showing complianceiith 8 25.121(a) is based on thed¢ speed as
specified in the rule.

49.2.4 If means, such as variable intake doors, are provided to control powerplant
cooling air supply during takeoff, climb, and en route flight, they should
be set in a position that will maain the temperature of major powerplant
components, engine fluids, etc., within the established limits. The effect of
these procedures should be included in the climb performance of the
airplane. These provisions apply for all ambient temperaturesthp to
highest operational temperature limit for which approval is desigsz (
§25.1043)

4.9.25 The latter parts of A 25.121(a) (1) a
a more critical power operating condition existing later along the flight
p at h.intended ta coeer those cases similar to where a wet engine
depletes its water and reverts to dry engine operation. This is not intended
to cover normal altitude power or thrust lapse rates above the point where
retraction of the landing gear is begun.

4.9.2.6 Sedion 25.121(d) requires that the reference stall speed for the approach
configuration not exceed 110 percent of the reference stall speed for the
related landing configuration. This stall speed ratio requirement is to
ensure that an adequate margin abbeestall speed in the selected
approach configuration is maintained during flap retraction in-argand.
An alternative means of providing an adequate operating speed margin
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during flap retraction in a garound would be to increasea#for the
landingconfiguration to provide an equivalent operating speed margin.
That is, \ker could be increased such that the reference stall speed for the
approach configuration does not exceed 110 percentefN23. An
equivalent level of safety finding should be dise document the use of

this alternative versus direct compliance with5121(d). To maintain
equivalent safety, the increase irg¢should not be excessive (for

example, greater than 5 knots) to minimize the effect on safety of longer
landing distancg higher brake energy demands, and reduced margins
between Verand e

49.2.7 Section25.121(d) permits the use of a climb speed established in
connection with normal landing procedures, but not more thavisk.4
Section 25.101(g) requires that the procedtoethe execution of missed
approaches associated with the conditions prescribe@%181(d) be
established. Consequently, the speeds and flap configuration used to show
compliance with the minimum climb gradient requirements 25.821(d)
need to beonsistent with the speeds and flap configurations specified for
go-around in the AFM operating procedures. In order to demonstrate the
acceptability of recommended procedures, the applicant should conduct
go-around demonstrations to include a weightfadie, temperature
(WAT)-limited or simulated WATlimited thrust condition. In accordance
with 8 25.101(h), the established procedures must

1 Be able to be consistently executed in service by crews of average
skill,

1 Use methods or devices that are safe ahdble, and

Include allowance for any time delays in the execution of the
procedures that may reasonably be expected in service.

49.2.8 FAA policy, as explained in policRSANM100-199500058 Go-Around
Power/Thrust Settings on Transport Category Airplagiesed August 15,
1995, states that there should only be one power/thrust setting procedure
used to show compliance with bdB 25.119 and 25.121(d).

4.9.2.8.1 This policy is based on crew workload issues as discussed in the preamble
for the ATTCS final rulegmendment 252):

49282 That preamble states, fi. . . current
approach climb (85.121(d)) tharfor landing climb (8 25.119). The
workload required for the flightcrew to monitor and select from multiple
inflight thrust settings in the event of an engine failure during a critical
point in the approach, landing,orrgor ound operation i s e:

4.9.2.8.3 If the approach climb power/thrust setting is higher than the landing climb
power/thrust setting, a throttle push would be required to obtain the AFM
performance in the event of an engine failure after an
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all-enginesoperating gearound has been initiatedh& FAA considers the
need to manually reset the engine power/thrust setting in a high workload
environment to be unacceptable.

4.9.2.8.4 Systems that automatically reset power/thrust to a higher value after an
engine failurefor example ATTCS used for gearoundshave been
found acceptable as long as there is a singlargond power/thrust
setting procedure for the ommgineinopeaative (approach climb) and
all-enginesoperating (landing climb) conditions.

4.10 En Route Flight Path® § 25.123.

4.10.1 Explanation.
This guidane is intended for showing compliance with the requirement26f 823.

4.10.2 Procedures.

4.10.2.1  Sufficient enroute climb performance data should be presented in the
AFM to permit the determination of the net climb gradient and the net
flight path in accordance withZ.123(b) and (c) for all gross weights,
altitudes, and ambient temperatures within the operatmts of the
airplane. This emoute climb performance data should be presented for
altitudes up to the aktnginesoperating ceiling to permit the calcutai of
drift-down data in the event of an en route engine failure.

4.10.2.2 Fuel Consumption Accountability

The effect of the variation of the a
due to the progressive consumption of fuel may be taken into account

usingfuelf ow rates obtained from airplane
measured fuel flow data is unavailable, a conservative fuel flow rate not

greater than 80 percent of the engine specification flow rate at maximum
continuous thrust (MCT) may be used.

4.10.2.3  The procedres and flight conditions upon which the en route flight path
data are based should be provided to the flightcrew. Credit for fuel
dumping, if available and included in the flightcrew procedures, may be
used to achieve the performance capability presenté AFM. A
conservative analysis should be used in taking into account the ambient
conditions of temperature and wind existing along the flight path. All
performance should be based on the net flight path and with MCT on the
operating engine(s).
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411 Landingd § 25.125.

4.11.1 Explanation.

4.11.1.1  The landing distance is the horizontal distance from the point at which the
main gear of the airplane is 50 feet above the landing surface (treated as a
horizontal plane through the touchdown point) to the position of the nose
gearwhen the airplane is brought to a stop. (For water landings, a speed of
approxi mately 3 knots is considered
landing distance is referenced to the main gear because it is the lowest
point of the airplane when the airplaies feet above the landing
surface. The end of the landing distance is referenced to the nose gear
because it is the most forward part of the airplane in contact with the
landing surface, and it should not extend beyond the certified landing
distance. Irthis AC, the landing distance is divided into two parts: the
airborne distance from 50 feet to touchdown, and the ground distance from
touchdown to stop. The latter may be further subdivided into a transition
phase and a full braking phase if the appligaeters this method of
analysis.

4.11.1.2  The minimum allowable value ofR¢ris specified in 8 25.125(a)(2)(i) and
(ii). It is intended to provide an adequate margin above the stall speed to
allow for likely speed variations during an approach in light turbulence
and to provide adequate maneuvering capability. If the landing
demonstrations show that a higher speed is needed for acceptable airplane
handling characteristics, the landing distance data presented in the AFM
must be based upon the higher reference tansipeed per 85.125(b)(2).
Further, if procedures recommend the use of approach speeds that are
higher than Merfor reasons other than wind, flight tests should be
conducted to determine whether the recommended3peeds are readily
achievable at thianding threshold. If Weris not readily achievable, then
the AFM landing distances must include the effect of the excess speed at
the landing threshold.

4.11.1.3  The engines should be set to the high side of the flight idle trim band, if
applicable, for the landg flight tests. The effect of any variation in the
idle fuel flow schedule for engines with electronic fuel controllers is
typically negligible (but any such claim should be adequately
substantiated).

4.11.2 Procedures for Determination of the Airborne Distance.

Three acceptable means of compliance are described in paradgripl2sl 4.11.2.2
and4.11.2.3on the following page.

Note: If it is determined that the constraints on agmtoangle and touchdown
rateof-sink described in paragrapisl1.2.2and4.11.2.3below are not appropriate due
toovel or unusual features of the airplane
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Such a change would be acceptable only if it is determined that an equivalent level of
safety to existing performance standards and operational procedures is maintained.

411.2.1

411.2.1.1
0 W QI

411.2.1.2

411.2.2

411.2.2.1

411.2.2.2

411.2.2.3

4.11.2.3

Experience shows an upper bound to the part 25weTd airborne
distances achieved in past certifications and, similarly, a minimum speed
loss.

These are approximated by the following:
0 OB PB LW gmd  Pnarmi @ QIQH £ £ o Y
Y& &HDE VYR QQD cLE €O

An applicant may choose to use these relationships to establish landing
distance irlieu of measuring airborne distance and speed loss. If an
applicant chooses to use these relationships, the applicant should show by
test or analysis that they do not result in air distances or touchdown speeds
that are nonconservative.

If an applicant choses to measure airborne distance or time, at least six
tests covering the landing weight range are required for each airplane
configuration for which certification is desired. These tests should meet
the following criteria:

A stabilized approach, targegjra glideslope of3° and an indicated

airspeed of ¥er, should be maintained for a sufficient time prior to
reaching a height of 50 feet above the landing surface to simulate a
continuous approach at this speed. During this time, there should be no
appretable change in the power or thrust setting, pitch attitude, or rate of
descent. The average glideslope of all landings used to show compliance
should not be steeper th&3f.

Below 50 feet, there should be no nose depression by use of the
longitudinal corrol and no change in configuration that requires action by
the pilot, except for reduction in power or thrust.

The target rate of descent at touchdown should not exceed 6 feet per
second. Although target values may not be precisely achieved, the average
touchdown rate of descent should not exceed 6 feet per second.

If the applicant conducts enough tests to allow a parametric analysis (or
equivalent method) that establishes, with sufficient confidence, the
relationship between airborne distance (or time asction of the rates

of descent at 50 feet and touchdown, the part 25 airborne distances may be
based on an approach angle26°, and a touchdown sink rate of 8 feet

per second. (See paragraphl.8for an example of this analysis method.)
The parametric analysis method with these approach angle and touchdown
sink rate values should only be used for landing distances for which the
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operational safety margins required by § 121.195(b) or (£358385(b),
(c), or (f), or equivalent will be applied.

At a given weight, the air distance or air time established by this method
should not be less than 90 percent of the lowest demonstrated value
obtained using the target values for approach angle and touchdown sink
rate specified in paragraghll1.2.3.Zelow. Test data with approach
angles steeper tha.5°, or touchdown sink rates greater than 8 feet per
second, should not be used to satisfy this requirement.

In orderto determine the parametric relationships, it is recommended that
test targets span approach angles f2r8° toi 3.5°, and sink rates at
touchdown from 20 6 feet per second. Target speed for all tests should be
VREFR.

Below 50 feet, there should be nase depression by use of the
longitudinal control and no change in configuration that requires action by
the pilot, except for reduction in power or thrust.

If an acceptable method of analysis is developed by the applicant, a
sufficient number of tests stlal be conducted in each aerodynamic
configuration for which certification is desired to establish a satisfactory
confidence level for the resulting air distance. Autolands may be included
in the analysis but should not comprise more than half of thepdatts.

If it is apparent that configuration is not a significant variable, all data may
be included in a single parametric analysis.

If an applicant proposes any other method as being equivalent to a
parametric analysis, that method should be based ewedoghed
mathematical model that employs performaralated variables such as
power or thrust, attitude, angtd-attack, and load factor to adequately
reproduce the flight test trajectory aaidspeed variation from the 560t

point to touchdown. Suchraathematical model should be validated by a
sufficient number of tests to establish a satisfactory confidence level, and
be justified by a comparison of tested and calculated landing airborne
distances.

For a derivative airplane with an aerodynamic camfigion that has been
previously certificatedf new tests are necessary to substantiate
performance to a weight higher than that permitted by the extrapolation
limits of § 25.21(d), two landings per configuration should be conducted
for each 5 percent anease in landing weight (but no more than a total of
six landings should be needed). These may be merged with previous
certification tests for parametric analysis, regardless of whether the
previous certification was conducted by this method or notnéva
aerodynamic configuration is proposed, the guidance described in
paragrapht.11.2.3.4above, should be used.
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4.11.2.3.7 In calculating the AFM landing distances, the speed loss from 50 feet to
touchdown, as a percentagf Vrer, may be determined using the
conditions described in paragra$i1.2.3

4.11.2.4  Whichever method is chosen to establish airbdis&ncessatisfactory
flight characteristics should be demonstrated in @ finaneuver when a
final approach speed ofr¥r-5 knots is maintained down to 50 feet.

4.11.2.4.1 Below 50 feet, the application of longitudinal control to initiate flare
should occur at the s asnpee eadlot iltaundde nags;
nose depression shouteé made and power or thrust should not be
increased to facilitate the flare.

4.11.2.4.2 All power/thrust levers should be in their minimum flight idle position
prior to touchdown.

4.11.2.4.3 The normal flare technique should be used, resulting in a touchdown speed
approximatey 5 knots less than the touchdown speed used to establish the
landing distance. The rate of descent at touchdown should not be greater
than 6 feet per second.

4.11.2.4.4 This demonstration should be performed over a range of weights (typically
at maximum landing welg and near minimum landing weight), or at the
most critical weight and CG combination as established by analysis or
other acceptable means.

4.11.2.4.5 These \ker5 knots landing demonstrations should not require the use of
high control forces or full control defleonhs.

4.11.3 Procedures for Determination of the Transition and Stopping Distances.

4.11.3.1  The transition distance extends from the initial touchdown point to the
point where all approved deceleration devices are operating. The stopping
distance extends from the endt@insition to the point where the airplane
is stopped. The two phases may be co

4.11.3.2 If sufficient data are not available, there should be a minimum of six
landings in the primary landing configuration. Experience has shown that
if sufficient data are available for the airplane model to account for
variation of braking performance with weight, lift, drag, ground speed,
torque limit, etc., at least two test runs are necessary for each
configuration when correlation for multiple miogurations is being shown.

4.11.3.3 A series of at least six measured landing tests covering the landing weight
range should be conducted on the same set of wheels, tires, and brakes in
order to substantiate that excessive wear of wheel brakes and tires is not
produced in accordance with the provisions @b8125(c)(2). The landing
tests should be conducted with the normal operating brake pressures for
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which the applicant desires approval. The brakes may be in any wear state
as long as an acceptable means is ts@étermine the landing distances

with fully worn brakes for presentation in the AFM. The main gear tire
pressure should be set to not less than the maximum pressure desired for
certification corresponding to the specific test weight. Longitudinal

contrd and brake application procedures should be such that they can be
consistently applied in a manner that permits the airplane to-bmated

at a controlled rate to preclude an excessive nose gear touchdown rate and
so that the requirements of 8§ 25.12%p and (5) are met. Nose gear
touchdown rates in the certification landing tests should not be greater
than eight feet per second. Certification practice has not allowed manually
applied brakes before all main gear wheels are firmly on the ground. An
aubmatic braking system can be armed before touchdown.

Describe the airplane operating procedures appropriate for determination
of landing distance in the performance section of the AFM.

Propeller pitch position used in determining the normal

all-enginesopeaating landing stopping distance should be established

using the criteria of § 25.125(g) for those airplanes that may derive some
deceleration benefit from operating engines. Section 25.125(g) states that
if the Il anding di st anthatdegkeds atheni ned

u

operation of any engine would be fno

is made with that engine inoperative, the landing distance must be

determined with that engine inoperat

will result in oneengineinoperative landing distances not greater than
those with all engines operating. Acceptable interpretations of the terms
Adevice, 0 Anoticeably increased, O
described below.

If, with the normal operational ground idle settinggadure, the propeller
produces drag at any speed during the stopping phase of the normal
all-enginesoperating landing distance, the maximum drag from this

an

Adeviceo for which performance credi

from a propeller pitch poson that gives not more than a slight negative
thrust at zero airspeed. A slight negative thrust is that which will not cause
the airplane, at light weight and without brakes being applied, to roll on a
level surface. If the normal operational ground gb&ing produces

greater negative thrust at zero airspeed, therginesoperating stopping
distances should be determined using a special flight test power lever stop
to limit the propeller blade angle.

Distances should be measured for landings mattethé propeller

feathered on one engine, and ground idle selected after touchdown on the
operating engines. The airplane configuration for this test, including the
ground idle power lever position, should be the same as that used for the
all-enginesoperding landing distance determination. Differential braking
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may be used to maintain directional control. This testing should be

conducted at the critical weight/CG position and landing speed. The
propeller/engine rigging should be at the most adverse allewab

tolerance. If the resulting distance does not exceed the

all-enginesoperating landing distance by more than two percent
22percent), i1t 1s not Anoticeably inc
required to take performance credit foratiginesoperatirg ground idle

drag in the certified landing distances.

If the distances determined in paragrdphl 3.5.2above are more than
two percent greater than the-atiginesoperating landing distances, there

shoude a fAcompensating meanso in order
the allenginesoperating ground idle drag. Reverse propeller thrust on the
operating engines is considered a #fnc

landing distances, with one propeller fesattd, are demonstrated to be not
longer than those determined foralginesoperating with the ground

idle setting. The airplane configuration for this test should be the same as
that used for the aktnginesoperating landing distance determination,

exaept that the propeller reverse thrust position is used. The nose wheel
should be free to caster, as indé tests, to simulate wet runway surface
conditions. Differential braking may be used to maintain directional

control. Procedures for using propelleverse thrust during the landing

must be developed and demonstrated. The procedures associated with the
use of propeller reverse thrust, required B68L01(f), must meet the
requirements of 5.101(h). The criteria outlined below may be applied to
derive the levels of propeller reverse thrust consistent with recommended
landing procedures and provide an acceptable means of demonstrating
compliance with these requirements. This testing should be conducted at
the critical weight/CG position and landing sge The propeller/engine

rigging should be at the most adverse allowable tolerance. If the
Acompensating meanso do not allow pe
all-enginesoperating ground idle drag, a minimum of three weights that
cover the expected range of oggwnal landing weights and speeds should
be tested.

In accordance with 85.101(f), procedures for using propeller reverse
thrust during landing must be developed and demonstrated. These
procedures should include all of the pilot actions necessary tm dlbéa
recommended level of propeller reverse thrust, maintain directional
control, ensure safe engine operating characteristics and cancel propeller
reverse thrust.

It should be demonstrated that using propeller reverse thrust during a
landing complies wih the engine operating characteristics requirements of
§25.939. The propeller reverse thrust procedures may specify a speed at
which the propeller reverse thrust is cancelled in order to maintain safe
engine operating characteristics.
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4.11.3.5.6 The time sequenceif the actions necessary to obtain the recommended
level of propeller reverse thrust should be demonstrated by flight test. The
time sequence used to determine the landing distances should reflect the
most critical case relative to the time needed to nistelected propeller
reverse thrust.

4.11.3.5.7 The response times of the affected airplane systems to pilot inputs should
be taken into account, for example, delays in system operation, such as
interlocks and power lever detents that prevent the pilot from immbdiate
selecting propeller reverse thrust. The effects of transient response
characteristics, such as propeller reverse thrust engineigpghould also
be included.

4.11.3.5.8 To enable a pilot of average skill to consistently obtain the recommended
level of propellereverse thrust under typicalgervice conditions, a lever
position that incorporates tactile feedback (e.g., a detent or stop) should be
provided. If tactile feedback is not provided, a conservative level of
propeller reverse thrust should be assumed.

4.11.3.5.9 The applicant should demonstrate that exceptional skill is not required to
maintain directional control on a wet runway. The propeller reverse thrust
procedures may specify a speed at which the propeller reverse thrust is
cancelled in order to maintain date@nal controllability.

4.11.3.5.10 Compliance with the requirements of 88.901(b)(2), 25.901(c),
25.1309(b), and 25.1309(c) will be accepted as providing compliance with
the Asafe and r el R5a0l(hE2) and 25.425(c)(3)e me nt s

4.11.4 Instrumentation anBata.

l nstrumentation should include a means to
the ground, and the ground roll against time, in a manner that permits determining the
horizontal and vertical distance tirFhéstories. The appropriate data tompéranalysis

of these timehistories should also be recorded.

4.11.5 Landing on Unpaved Runways.

Guidance material for evaluation of landing on unpaved runways is contained in
chapter42 of this AC.

4.11.6 AutomaticBraking Systems.

Guidance material relative to evaluation of abitake systems is provided in
paragraph5.4.9of this AC.

4.11.7 AFM Landing Distances.

411.7.1 In accordance with 85.101(i), AFM landing distances must be
determined with all the airplane wheel brake assemblies at the fully worn
limit of their allowable wear range. The brakes may be in any wear state
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during the flight tests used to determine the landing distances, as long as a
suitable combination of airplarsnd dynamometer tests is used to

determine the landing distances corresponding to fully worn brakes.
Alternatively, the relationship between brake wear and stopping
performance established during accelesitp testing may be used if it
encompasses thedke wear conditions and energies achieved during the
airplane flight tests used to establish the landing distances.

In deriving the scheduled distances, the time delays shofigune 4-19
below shouldbe assumed.

Figure 4-19. Landing Time Delays

PILOT PILOT
ACTIVATION OF ACTIVATION OF
FIRST SECOND

TOUCH DECELERATION DECELERATION STOP
DOWN DEVICE DEVICE

411.7.2.1

4.11.7.2.2

4.11.7.2.3

4.11.7.3

1—@—»1—@

h
¥

i
el

Transition from touchdown to Full hraking
full braking configuration configuration to stop

Segmeni represents the flight test measured average time from
touchdown to pilot activation of the first deceleration device. For AFM
data expansion, uske longer of 1 second or the test time.

Segment represents the flight test measured average test time from pilot
activation of the first deceleration device to pilot activation of the second
deceleration device. For AFM data expansion, use the londesexfond

or the test time.

Segmentt is repeated until pilot activation of all deceleration devices has
been completed and the airplane is in the full braking configuration.

For approved automatic deceleration devices (e.g., autobrakes or
autospoilers, &.) for which performance credit is sought for AFM data
expansion, established times determined during certification testing may
be used without the application of thesdcond minimum time delay
required in the appropriate segment above.
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4.11.7.4 It has been comdered acceptable to expand the airborne portion of the
landing distance in terms of a fixed airborne time, independent of airplane
weight or approach speed.

4.11.7.5  Assumptions to be made in assessing the effect of wind on landing
distance are discussed in pagggr3.1of this AC.

Parametric Analysis Data Reduction.

The following is an acceptable method of converting the test data to a mathematical
model for the parametric analysis method of air distance described in
paragraph.11.2.3

4.11.8.1  Testdata foreachtestpoint:
YUY YO EM QHA QD@ E @ & QIR I'OQHOQ &
YiYY  YQEX QL@ £ TH O EOH Qo
@ Yi AXQI | RP@AQ D E & @& QAR I'QQMNHOQ ©
w Vi @XQI | RPDREE 0 QB QO
0 0 QOIQQA® £ TE 0§ QO
4.11.8.2  The multiple linear regression analysis as outlined below is used to solve
for the constants in the following equation:
VIO @ WYY ©'Y"Y
4.11.8.3  The form of the dependent variable being solved in the above equation is

50/t, raher than just t, in order to maintain the same units for all variables.

4.11.8.4  The test values of all the test points, 1 through n, are used to determine the
constants a, b, and c in the above equation as follows, where n equals the
number of test points and Rirough R13 are the regression coefficients:

Yp i Y
Y i Y
Yo i Y
Yo i Y
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O Yo YpTnm YpYwceT Yo Yo Yp
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Using the same regssion coefficient relationships, determine the values
of the constants, a, b, and c, for the speed reduction between 50 feet and
touchdown (\do/V1p) by using the value of 34V 1p) for (50/t) for each

test point.

After determining the values of the constamuse the above equation for
(50/t) to calculate the time from 50 feet to touchdown for the target
conditions of a3.5° flight path angle and Rf{S= 8 ft/sec. Use a value of
(R/Ss0) calculated from the approach path angd Yhen, using the same
equaton, but substituting (3/V1p) for (50/t) and using the constants
determined for (Wo/V1p), calculate (\o/V D).

After V1p is determined (from ¥/V1p and \ko), the air distance may be
determined for the average flare speed and air time.

4-74



05/04/18

AC 257D

Example
Test Data
Run R/Sso R/Smp Vso V1D t
1 13.4 6.1 219 214 5.6
2 10.9 1.8 223 218 8.5
3 7.9 5.8 209 201 7.4
4 8.3 2.3 213 206 9.6
5 9.8 4.1 218 212 7.5
Results:

50/t = 1.0432 + 0.3647(R4§ + 0.4917(R/So)

Vso/V1p = 1.05508 0.003198(R/S) + 0.001684(R/%p)

For conditions of o = 220 ft/sec; flight path =3.5°; R/Sp = 8.0 ft/sec; the

results are:

R/Sso = 13.43 ft/sec
VsVt = 1.0256
t=5.063 sec

Air distance = 1100 ft
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CHAPTER 5. FLIGHT: CONTROLLABILITY AND MANEUVERABILITY

51 Generald § 25.143.

5.1.1 Explanation.

5.1.1.1

5.1.1.2

5.1.1.3

5.1.1.3.1

5.1.1.3.2

5.1.1.4

5.1.1.5

The purpose of 8 25.143 is to verify that any operational maneuvers
conducted within the operational envelope can be accomplished smoothly
with average piloting skill and without encountering a stall warning or
other characteristics that migintérfere with normal maneuvering, or
without exceeding any airplane structural limits. Control forces should not
be so high that the pilot cannot safely maneuver the airplane. Also, the
forces should not be so light that it would take exceptional skill to
maneuver the airplane without ov&ressing it or losing control. The
airplane response to any control input should be predictable to the pilot.

The maximum forces given in the table in § 25.143(d) for pitch and roll
control for short term application aa@plicable to maneuvers in which the
control force is only needed for a short period. Where the maneuver is
such that the pilot will need to use one hand to operate other controls (such
as during the landing flare or a-goound, or during changes of

configuration or power/thrust resulting in a change of control force that
needs to be trimmed out) the singl@nded maximum control forces will

be applicable. In other cases (such as takeoff rotation, or maneuvering
during en route flight), the twbanded maixnum forces will apply.

Shortterm and longerm forces should be interpreted as follows:

Shortterm forces are the initial stabilized control forces that result from
maintaining the intended flight path following configuration changes and
normal transitios from one flight condition to another, or from regaining
control following a failure. It is assumed that the pilot will take immediate
action to reduce or eliminate such forces byriraming or changing
configuration or flight conditions, and consequgshortterm forces are

not considered to exist for any significant duration. They do not include
transient force peaks that may occur during the configuration change,
change of flight conditions, or recovery of control following a failure.

Long-term forees are those control forces that result from normal or
failure conditions that cannot readily be trimmed out or eliminated.

In conducting the controllability and maneuverability tests to show
compliance with 85.143 at speeds betweend/Mwmo and kc/Mec, the
airplane should be trimmed at/Mwo.

Modern wing designs can exhibit a significant reduction in maximum lift
capability with increasing Mach number. The magnitude of this Mach
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number effect depends on the design characteristics of the particular wing
For wing designs with a large Mach number effect, the maximum bank
angle that can be achieved while retaining an acceptable stall margin can
be significantly reduced. Because the effect of Mach number can be
significant, and because it can also vary tydar different wing designs,

the multiplying factors applied tos¢ may be insufficient to ensure that
adequate maneuvering capability exists at the minimum operating speeds.
To address this issue2%.143(h) was added lanendment 28.08 to

require aminimum bank angle capability in a coordinated turn without
encountering stall warning or any other characteristic (including the
envelope protection features of-thy-wire flight control systems or
automatic power or thrust increases) that might interdéth normal
maneuvering. The maneuvering requirements consist of the minimum
bank angle capability the FAA deems adequate for the specified regimes
of flight combined with additional bank angle capability to provide a

safety margin for various operatidriactors. These operational factors
include both potential environmental conditions (e.g., turbulence, wind
gusts) and an allowance for piloting imprecision (e.g., inadvertent
overshoots). The FAA considers the automatic application of power or
thrust byan envelope protection feature to be a feature that might interfere
with normal maneuvering because it will result in a speed increase and
flight path deviation, as well as potentially increasing crew workload due
to the unexpected power or thrust increase

5.1.2 General Test Requirements.

5.1.2.1

Compliance with 8§ 25.143 (a) through (g) is primarily a qualitative
determination by the pilot during the course of the flight test program. The
control forces required and airplane response should be evaluated during
changesrom one flight condition to another and during maneuvering

flight. The forces required should be appropriate to the flight condition
being evaluated. For example, during an approach for landing, the forces
should be light and the airplane responsive ireptidat adjustments in the
flight path can be accomplished with a minimum of workload. In cruise
flight, forces and airplane response should be such that inadvertent control
input does not result in exceeding limits or in undesirable maneuvers.
Longitudind control forces should be evaluated during accelerated flight

to ensure a positive stick force with increasing normal acceleration. Forces
should be heavy enough at the limit load factor to prevent inadvertent
excursions beyond the design limit. Suddegiea failures should be
investigated during any flight condition or in any configuration considered
critical, if not covered by another section of part 25. Control forces
considered excessive should be measured to verify compliance with the
maximum controforce limits specified in § 25.143(d). Allowance should

be made for delays in the initiation of recovery action appropriate to the
situation.
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5.1.2.2 Since 825.143(h) involves a target speed, bank angle, and maximum
value of thrust/power setting, not all fligtetst conditions to demonstrate
compliance will necessarily result in a constaltitude, thrusiimited
turn. In cases with positive excess power or thrust, a climbing condition at
the target bank and speed is acceptable. Alternately, if desired, the powe
or thrust may be reduced to less than the maximum allowed, so that
compliance is shown with a completely stabilized, consdéiittide turn.
With the airplane stabilized in a coordinated turn, holding power or thrust
and speed, increase bank angle astant airspeed until compliance is
shown. For cases with negative excess power or thrust (e.g., the landing
configuration case), a constaaititude slowdown maneuver at the target
bank angle has been shown to be a suitable technique. With the airplane
descending at Werin wingslevel flight on a 3° glide path, trim and
throttle position are noted. The airplane is then accelerategetot\10 to
20knots in level flight. The original trim and throttle conditions are reset
as the airplane is rolled intocanstarvaltitude slowdown turn at the
target bank angle. Throttles can be manipulated between idle and the
marked position to vary slogown rate as desired. Compliance is shown
when the airplane decelerates througiaAin the turn without
encountering stall warning or other characteristic that might interfere
with normal maneuvering.

5.1.2.3 If stall warning is provided by an artificial stall warning system, the effect
of production tolerances on the stall warning system should be considered
when evaluatingompliance with the maneuvering capability
requirements of 85.143(h). See paragrapti.6.2.60of this AC for more
information.

Controllability Following Engine Failure.

Section 25.143(b)(1) requires the ain@ao be controllable following the sudden

failure of the critical engine. To show compliance with this requirement, the
demonstrations described in paragrapliis3.1and5.1.3.2below, should be made with
engine failure (simulated by fuel cuts) occurring during straight, wings level flight. To
allow for likely in-service delays in initiating recovery action, no action should be taken
to recover control for two secosidollowing pilot recognition of engine failure. The
recovery action should not necessitate movement of the engine, propeller, or trim
controls, and should not result in excessive control forces. Additionally, the airplane
will be considered to have reachan unacceptable attitude if the bank angle exceeds
45° during the recovery. These tests may be conducted using throttle slams to idle, with
actual fuel cuts repeated only for those tests found to be critical.

5.13.1 At each takeoff flap setting at the initidl-engine climb speed (e.g.o ¥
10 knots) with:

5.1.3.1.1 All engines operating at maximum takeoff power or thrust prior to failure
of the critical engine;
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5.1.3.1.2  All propeller controls (if applicable) in the takeoff position;
5.1.3.1.3 The landing gear retracted; and

5.1.3.1.4 The airplandrimmed at the prescribed initial flight condition.
5.1.3.2 With the wing flaps retracted at a speed of 1.28 With:

5.1.3.2.1 All engines operating at maximum continuous power or thrust prior to
failure of the critical engine;

5.1.3.2.2  All propeller controls in the en route ptisn;
5.1.3.2.3 The landing gear retracted; and
5.1.3.2.4  The airplane trimmed at the prescribed initial flight condition.

5.1.4 Pilot Induced Oscillations (PIO).

5.14.1 Explanation.

5.1.4.1.1 Section 25.143(a) and (b) require that the airplane be safely controllable
and maneuverable without exciepial piloting skill and without danger of
exceeding the airplane limiting load factor under any probable operating
conditions. Service history events have indicated that modern transport
category airplanes can be susceptible to airgalo¢ coupling uner
certain operating conditions and would not meet the intent of this
requirement.

51412 The classic PI O is considered to occ
approximately 180A out of phase with
P10 events with 180° phase adbnships are not the only conditions in
which the airplane may exhibit closézbp (pilotin-the-loop)
characteristics that are unacceptable for operation within the normal,
operational, or limit flight envelopes. Others include unpredictability of
thea r pl anebébs response to the pilotbs
nonlinearities in the control system, actuator rate or position limiting not
sensed by the pilot through the flight controls, or changing pitch response
at high altitude as the airplane meavers into and out of Mach buffet.

Artificial trim and feel systems which produce controllers with too small a
displacement and light force gradients may also lead to severe over

control. This is especially true in a dynamic environment of high altitude
turbulence or upsets in which the autopilot disconnects. This places the
airplane in the hands of the unsuspecting pilot in conditions of only a

small g or airspeed margin to buffet onset and with very low aerodynamic
damping. These characteristics, whit# a classic 180° out of phase PIO

per se, may be hazardous and should be considered under the more general
description of airplangilot coupling tendencies.

54



05/04/18

5.1.4.1.3

5.14.1.4

5.1.4.15

5.1.4.2

5.14.21

5.1.4.2.2

5.1.4.2.3

5.14.2.4

AC 257D

Some of the P10 tendency characteristics described in paragdaghl.2
above are attributes of transport airplanes (e.g., low frequency short
period, large response lags) that are recognized by part 25. Limits are
placed on some of these individual attributes by part 25 (e.qg., stick force
per g, heavilydamped short period) to assure satisfactory -dpe
characteristics. However, service reports from recent years have indicated
that certain operating envelope conditions, combined with triggering
events, can result in airplagpdot coupling incidentsSome of the

conditions that have led to these PIOs include fuel management systems
that permit extended operations with a CG at or near the aft limit,
operating at weight/speed/altitude conditions that result in reduced
margins to buffet onset combined wiracking tasks such as not

exceeding speed limitations and severe buffet due to load factor following
an upset, and control surface rate or position limiting.

This service experience has shown that compliance with only the
guantitative, opetioop (pilotout-of-the loop) requirements does not
guarantee that the required levels of flying qualities are achieved.
Therefore, in order to ensure that the airplane has achieved the flying
qualities required by § 25.143(a) and (b), the airplane should be evaluated
by test pilots conducting higgain (widebandwidth), closedoop tasks to
determine that the potential of encountering adverse PIO tendencies is
minimal.

For the most part, these tasks should be performed in actual flight.
However, for conditions that ao®nsidered too dangerous to attempt in
actual flight (i.e., certain flight conditions outside of the operational flight
envelope, flight in severe atmospheric disturbances, flight with certain
failure states, etc.), the closed loop evaluation tasks mpgri@med

using a motion base high fidelity simulator if it can be validated for the
flight conditions of interest.

Special Considerations.

The certification team should understand the flight control system and
airplane design.

The applicant should exptaivhy the design is not conducive to a PIO
problem and how this is to be shown in both developmental and
certification flight tests.

The applicant should explain what has been done during the development
flight test experience and any design changes theg vequired for PIO
problems.

The certification flight test program should be tailored to the specific
airplane design and to evaluate the airplane in conditions that were found
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to be critical during its development program and PIO analytical
assessment.

5.1.4.2.5 The FAA flight test pilots should also continuously evaluate the airplane
for P10 tendencies during the certification program in both the airplane
and simulator. This evaluation should include both normal and
malfunction states; all certification flightdepoints; transitions between
and recoveries from these flight test points; and normal, crosswind, and
offset landing task evaluations.

5.1.4.2.6  Since the evaluation of flying qualities under § 25.143(a) and (b) is
basically qualitative, especially evaluationdd® susceptibility, the
high-gain tasks discussed herein should be accomplished by at least three
test pilots. Use of other pilots can provide additional insights into the
airplane handling qualities, but for the purpose of demonstrating
compliance with tis requirement the evaluation pilots should be trained
test pilots.

5.1.4.3 Procedures Flight Test.

5.1.4.3.1 Evaluation of the actual task performance achieved, e.g., flight technical
error, is not recommended as a measure of proof of compliance. Only the
pi | ot 6 fthe PI® tharacteristics is needed as described in
paragraptv.1.46 The tasks are used only to
which is a prerequisite for exposing P1O tendencies. Although task
performance is naised as proof of compliance, task performance should
be recorded and analyzed to insure that all pilots seem to be attempting to
achieve the same level of performance.

5.1.4.3.2 Tasks for a specific certification project should be based on operational
situations, fight testing maneuvers, or service difficulties that have
produced PIO events. Task requirements for a specific project will be
dictated by the particular airplane and its specific areas of interest as
determined by the tailored flight test program mergtabove. Some of
these include high altitude upset maneuvers, encounters with turbulence at
high altitude in which the autopilot disconnects, crosswind/crossed control
landings with and without one engine inoperative, and offset landings to
simulate the perational case in which the airplane breaks out of
instrument meteorological conditions (IMC) offset from the glideslope
and/or localizer beam and the pilot makes a rapid alignment correction.
Tests should be conducted at or near the critical altitudgieiG
combinations.

5.1.4.3.3 Tasks described here may be useful in any given evaluation and have
proven to be operationally significant in the past. It is not intended that
these are the only tasks that may be used or may be required depending on
the scope and fos of the individual evaluation being conducted. Other
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tasks may be developed and used as appropriate. For example, some
manufacturers have used formation tracking tasks successfully in the
investigation of these tendencies. For all selected tasks, augpuild

approach should be used and all end points should be approached with
caution. Capture tasks and fine tracking tasks share many common
characteristics but serve to highlight different aspects of any PIO problem
areas that may exist. In some cases, d#ipgron individual airplane
characteristics, it may be prudent to look at capture tasks first and then
proceed to fine tracking tasks or combined gross acquisition (capture) and
fine tracking tasks as appropriate.

5.1.4.4 Capture Tasks.

5.1.4.4.1 Capture tasks are intendedevaluate handling qualities for gross
acquisition as opposed to continuous tracking. A wide variety of captures
can be done provided the necessary cues are available to the pilot. Pitch
attitude, bank angle, heading, flight path angle, anflettack,and g
captures can be done to evaluate different aspects of the airplane response.
These capture tasks can give the pilot a general impression of the handling
qualities of the airplane, but because they do not involve closgdine
tracking, they do natxpose all of the problems that may arise in fine
tracking tasks. Capture tasks should not be used as the only evaluation
tasks.

5.1.4.4.2 For pitch captures, the airplane is trimmed for a specified flight condition.
The pilot aggressively captures 5° pitch attgdr 10° if the airplane is
already trimmed above 5°). The pilot then makes a series of aggressive
pitch captures of 5° increments in both directions, and then continues this
procedure with 10° increments in both directions. An airplane with more
capabilty can continue the procedure with larger pitch excursions. If
possible, the initial conditions for each maneuver should be such that the
airplane will remain within 1,000 feet and £10 knots of the specified
flight condition during the maneuver; howeviarge angle captures at
high-speed conditions will inevitably produce larger speed and altitude
changes. If the airplane should get too far from the specified condition
during a task, it should be-temmed for the specified condition before
starting thenext maneuver.

5.1.4.4.3 The other kinds of captures are usually done in a similar manner, with
some minor differences. G captures can be done from a cegdiamt or
pull ups and pushovers using £0.2 g and £0.5 g. Heading captures can be
used to evaluate the yasontroller alone (usually small heading changes
of 5° or less).

5.1.4.4.4 Bank angle captures are also commonly done using-toalpénk rolls.
Starting from a 15° bank angle, the pilot aggressively rolls and captures
the opposite 15° bank angle (total bank anglenghaf 30°). The pilot
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then rolls back and captures 15° bank in the original direction. This
procedure should continue for a few cycles. The procedure is then
repeated using 30° bank angles, and then repeated again using 45° bank
angles. A variation of tliis to capture wingevel from the initial bank
condition.

Where suitable, combined conditions could be used as described in the
task shown in paragraghl.4.4.6below, in which a target g and bank
angle ardightly tracked until the target pitch attitude and heading are
captured.

The following upset and/or collision avoidance maneuvers have been
found to be effective in evaluating P1O susceptibility when the airplane is
flying at high altitude under conditisrof low g to buffet onset, typically
0.3g. This emphasis on cruise susceptibility stems from operational
experiences, but should not be interpreted as placing less emphasis on
other flight phases.

1. Trim for level flight at long range cruise Mach numbeitiate a slight

climb and slow the aircraft while leaving power/thrust set. Push the
nose over and set up a descending turn with 30° to 40° of bank and
approximately 10° nose below the horizon, or as appropriate, to
accelerate to the initial trim speed tAe initial trim airspeed initiate a
1.5gto 1.67 g (not to exceed deterrent buffet) pull up and establish a
turn in the opposite direction to a heading which will intercept the
initial course on which the airplane was trimmed. Establish a pitch
attitude which will provide a stabilized climb back to the initial trim
altitude. The pilot may use the throttles as desired during this
maneuver and should pick a target g, bank angle, heading, and pitch
attitude to be used prior to starting the maneuver. Trigettg and

bank angle should be set and tightly tracked until the target pitch
attitude and heading are obtained respectively. The stabilized steady
heading climb should be tightly tracked for an adequate amount of
time to allow the pilot to assess handliqualities, even through the
initial trim altitude and course if required. The pilot should
gualitatively evaluate the airplane during both the gross acquisition
and fine tracking portions of this task while looking for any tendency
towards PIO in accordae with the criteria in paragrapiil.4.6

. This maneuver should be repeated in the Jtlosen direction by

accelerating to Mo from the trim condition 10° nose down and then
recover as above.

. Trim for level flight as above. Initiate a 1.5 g to 1.67 g (not to exceed

deterrent buffet) pulip and approximately a 30° bank turn. Once the
target g is set, transition the aircraft to approximately a 0.5 g pushover
and reverse the turn to establish an intercept headliting tinitial

course. Using power or thrust as required, set up a stabilized steady
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heading descent to intercept the initial course and altitude used for the
trimmed condition. The pilot may continue the heading and descent
through the initial conditionstallow more tracking time if needed.
Attempt to precisely set and track bank angle, g, heading, and pitch
attitude as appropriate. The pilot should qualitatively evaluate the
airplane during both the gross acquisition and fine tracking portions of
this task while looking for a PIO tendency in accordance with
paragraptb.1.4.6

5.1.45 Fine Tracking Tasks.

51451 These tasks may be used to assess th
flying in turbulent atmospheric conditioris. this task, a tracking target is
displayed which commands pitch and roll changes for the evaluation pilot
to follow. Whatever visual cue is used (e.g., head up display (HUD), flight
director, etc.), it should present the tracking task without filtering,
smoothing, or bias. The pitch and roll commands should be combinations
of steps and ramps. The sequence of pitch and roll commands should be
designed so as to keep the airplane within £1,000 feet of the test altitude
and within £10 knots of the test aiesggl. The sequence should be long
enough and complex enough that the pilot cannot learn to anticipate the
commands. The wunfamiliarity is inten
high and to preclude inadvertent pilot compensation while accomplishing
thetask. Such compensation, along with reduced gains, could mask any
P1O tendencies.

5.1.4.5.2 Even though these fine tracking tasks will provide insight into PIO
susceptibility of a conventional airplane when flying in turbulence, other
considerations apply to augmedtairplane types. For example, structural
load alleviation systems that use the same flight control surface as the pilot
will Timit the pilotds control autho
Under these circumstances of rate or position limitfi@) tendencies will
be more critical as previously discussed. Therefore, specific evaluations
for turbulent atmospheric conditions with these systems opekatng

necessary for these airplane types.

5.1.4.5.3 For single axis tasks, it has been found that aural @xdmgiven in a
timed sequence provide an adequate cue in the event it is not possible to
modify the flight director to display the pitch commands.

5.1.4.5.4 Based on PIO events seen in service, high altitude tracking tasks (with up
to approximately +4° pitch excuams from trim occurring at varying
intervals of approximately 2 to 5 seconds) have been effective in
evaluating PI1O susceptibility. These tasks have been used where the
airplane is flying under conditions of low g margin to buffet onset. The
time historyin figure 5-1 belowis a pictorial representation of a sample

5-9



05/04/18

AC 257D

task in MIL-STD-1797A that has the desired attributes for high altitude
P10 evaluations.

Figure 5-1. Sample Pitch Tracking Task
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PIO Assessment Criteria.

The evaluation of an airplane for P1O susceptibility will be conducted
using the FAA handling qualities rating methoddRM). (See

appendixE of this AC for more information on the HQRMTasks should

be designed to focus on any PIO tendencies that may Eaide5-1
belowcontains thelescriptive material associated with PIO characteristics
and its relationship to the PIO Rating Scale called out in the U.S. Military
Standard.
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Table 5-1. PIO Rating Criteria and Comparison to MIL Standard
MIL -STD-
FAA HQ - - 1797A
Rating P10 Characteristics Description PIO Rating
Scale

No tendency for pilot to induce undesirable motion. 1

SAT Undesirable motions (overshoots) tend to occur when pilot initi
abrupt maneuvers or attempts tight contréle3e motions can be 5
prevented or eliminated by pilot technique. (No more than mini
pilot compensation is required.)
Undesirable motions (unpredictability or over control) easily
induced when pilot initiates abrupt maneuvers or attempts tight
contol.

ADQ . - 3
These motions can be prevented or eliminated but only at sacr
to task performance or through considerable pilot attention and
effort. (No more than extensive pilot compensation is required.
Oscillations tend to develop when pilot inigatabrupt maneuvers
or attempts tight control. Adequate performance is not attainab

CON : ) . 4
and pilot has to reduce gain to recover. (Pilot can recover by m
reducing gain.)
Divergent oscillations tend to develop when pilot initiates abru
maneuves or attempts tight control. Pilot has to open control lo 5
by releasing or freezing the controller.

UNSAT : . .
Disturbance or normal pilot control may cause divergent
oscillation. Pilot has to open control loop by releasing or freezir 6
the controller.
SAT = Satisfactory CON = Controllable

ADQ = Adequate

5.1.4.6.2

5.1.4.6.3

UNSAT = Unsatisfactory or Failed

Table5-1 aboveprovides the FAA handling qualities (HQ) rating

descriptions of airplane motions that may be seen during the cafduct

specific P10 tasks or during tests throughout the entire certification flight

test program. Thitalicized phrases highlight major differences between

rating categories in the table.

The acceptable HQ ratings for P1O tendencies is showablaE-2 of

appendixE. As described in that appendix, the minimum HQ rating, and
consequently the pass/fail criteria, varies with the flight envelope,
atmospheric disturbance consideraald failure state. For example,

table5-2 belowshows a handling qualities matrix for a tracking task with

511




05/04/18 AC 257D

the airplane at aft CG trimmed in flight conditions giving 1.3 g to buffet
onset.

Table 5-2. Example of Acceptable HQ Rating for PIO Tendencies

Airspeed MLRC MLRC MLRC MLRC
Load Factor 0.8t01.3 -1.0to0 2.5 0.8t01.3 -1.0to0 2.5
Range

Buffet Level Onset Deterrent Onset Deterrent
Turbulence Light Light Light Light
Failure None None Improbable Improbable

failure of SAS | failure of SAS

Flight Envelope| NFE LFE NFE LFE

Minimum SAT ADQ ADQ CON

Permitted HQ

Rating

SAT = Satisfactory ADQ = Adequate CON = Controllable
NFE = Normal flight envelope LFE = Limit flight envelope

SAS = Stability augmentation systen MLRC = Long range cruise Mach number

5.1.5 Maneuvering Characteristias8 25.143(q).

5.15.1 General.

An acceptable means of compliance with the requirement that stick forces
may not be excessive when manexing the airplane is to demonstrate

that, in a turn for 0.§ incremental normalcceleration (0.8 above

20,000ft) at speeds up tordMrc, the average stick force gliant does

not exceed 12{bs per g.

5152 Interpretive Material.

The objective of § 25.1Q) is to ensure that the limit strength of any

critical component on the airplane would not be exceeded in maneuvering
flight. In much of the structure, the load sustained in maneuvering flight
can be assumed to be directly proportional to the loadrfapgied.

However, this may not be the case for some parts of the structure (e.g., the
tail and rear fuselage). Nevertheless, it is accepted that the airplane load
factor will be a sufficient guide to the possibility of exceeding limit
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strength on any dical component if a structural investigation is
undertaken whenever the design positive limit maneuvering load factor is
closely approached. If flight testing indicates that the positive design limit
maneuvering load factor could be exceeded irdgtezareuvering flight

with a 50Ib stick force, the airplane structure should be evaluated dor th
anticipated load at a 80 stick force. The airplane will be considered to
have been overstressed if limit strength has been exceeded in any critical
component. Br the purposes of this evaluation, limit strength is defined as
the lesser of either the limit design loads envelope increased by the
available margins of safety, or the ultimate static test strength divided by
1.5.

Minimum Stick Force to Reach Limit Strength.

A stick force of at least 5bsto reach limit strength in steady maneuvers
or wind-up turns is considered acceptable to demonstrate adequate
minimum force at limit strength in the absence of deterrent buffeting. If
heavy buffeting occurs before thmit strength condition is reached, a
somewhat lower stick force at limit strength may be acceptable. The
acceptability of a stk force of less than 5@s at the limit strength

condition will depend upon the intensity of the buffet, the adequacy of the
warning margin (i.e., the load factor increment between the heavy buffet
and the limit strength condition), and the stick force characteristics. In
determining the limit strength condition for each critical component, the
contribution of buffet loads tde overall maneuvering loads should be
taken into account.

This minimum stick force applies in the en route configuration with the
airplane trimmed for straight flight, at all speeds above the minimum
speed at which the limit strength condition can beead without

stalling. No minimum stick force is specified for other configurations, but
the requirements of 85.143(g) are applicable in these conditions.

Stick Force Characteristics.

At all points within the buffet onset boundary determined in accoedanc
with 8 25.251(e), but not including speeds above/Mrc, the stick force
should increase progressively with increasing load factor. Any reduction
in stick force gradient with change of load factor should not be so large or
abrupt as to impair significly the ability of the pilot to maintain control
over the load factor and pitch attitude of the airplane.

Beyond the buffet onset boundary, hazardous stick force characteristics
should not be encountered within the permitted maneuvering envelope as
limited by paragrap®.1.5.4.3 It should be possible, by use of the primary
longitudinal control alone, to rapidly pitch the airplane nose down so as to
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regain the initial trimmed conditions. The stick force charésttes
demonstrated should comply with the following:

1. For normal acceleration increments of up to@tyond buffet onset,
where these can be achieved, local reversal of the stick force gradient
may be acceptable, provided that any tendency to pitck mdd and
easily controllable.

2. For normal acceleration increments of more thargh8yond buffet
onset, where these can be achieved, more marked reversals of the stick
force gradient may be acceptable. It should be possible to contain any
pitch-up tendacy of the airplane within the allowable maneuvering
limits, without applying push forces to the control column and without
making a large and rapid forward movement of the control column.

In flight tests to satisfy paragrapbsl.5.4.1and5.1.5.4.2above the load
factor should be increased until:

1. The level of buffet becomes sufficient to provide a strong and effective
deterrent to any further increase of the loaddg

2. Further increase of the load factor requires a stick force in excess of
1501bs (or in excess of 100s when beyond the buffet onset
boundary) or is impossible because of the limitations of the control
system; or

3. The positive limit maneuvering loddctor established in compliance
with § 25.337(b) is achieved.

Negative Load Factors.

It is not intended that a detailed flight test assessment of the maneuvering
characteristics under negative load factors should necessarily be made
throughout the specéd range of conditions. An assessment of the
characteristics in the normal flight envelope involving normal
accelerations from @ to zero g will normally be sufficient. Stick forces
should also be assessed during other required flight testing involving
negative load factors. Where these assessments reveal stick force gradients
that are unusually low, or that are subject to significant variation, a more
detailed assessment, in the most critical of the specified conditions, will be
required. This may be baten calculations, provided they are supported

by adequate flight test or wind tunnel data.

Thrust or Power Setting for Maneuver Capability Demonstrations.

The effect of thrust or power on maneuver capability is normally a function of only the
thrustto-weight ratio. Therefore, for those configurations in which the \Aliited

thrust or power setting is prescribed, it is usually acceptable to use the thrust or power
setting that is consistent with a WAimited climb gradient at the test conditions of
weight, altitude, and temperature. However, if the maneuver margin to stall warning (or
other characteristic that might interfere with normal maneuvering) is reduced with
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increasing thrust or power, the critical conditions of both thrust or power and
thrustto-weight ratio should be taken into account when demonstrating the required
maneuvering capabilities.

5.2 Longitudinal Control 6 8§ 25.145.

5.2.1 Explanation.

5.21.1 Section 25.145(a) requires that there be adequate longitudinal control to
promptly pitch the airplane nose do¥vom at or near the stall to return to
the original trim speed. The intent is to ensure that there is sufficient pitch
control for a prompt recovery if inadvertently slowed to the point of stall.
Although this requirement must be met with power off andatimum
continuous thrust or power, there is no intention to require stall
demonstrations with thrust or power above that specified in
§25.201(a)(2). Instead of performing a full stall at maximum continuous
power or thrust, compliance may be assesseodstrating sufficient
static longitudinal stability and nose down control margin when the
deceleration is ended at least one second past stall warning during a one
knot per second deceleration. The static longitudinal stability during the
maneuver and thnose down control power remaining at the end of the
maneuver must be sufficient to assure compliance with the requirement.

5.2.1.2 Section 25.145(b) requires changes to be made in flap position, power or
thrust, and speed without undue effort whetriraming isimpractical.
The purpose is to ensure that any of these changes are possible assuming
that the pilot finds it necessary to devote at least one hand to the initiation
of the desired operation without being overpowered by the primary
airplane controls. Thebjective is to show that an excessive change in
trim does not result from the application or removal of power or thrust or
the extension or retraction of wing flaps. The presence of gated positions
on the flap control does not affect the requirement moatestrate full flap
extensions and retractions without changing the trim control. Compliance
with 8 25.145(b) also requires that the relation of control force to speed be
such that reasonable changes in speed may be made without encountering
very high contol forces.

5.2.1.3 Section 25.145(c) contains requirements associated primarily with
attempting a g@round maneuver from the landing configuration.
Retraction of the higfift devices from the landing configuration should
not result in a loss of altitude if tiwwer or thrust controls are moved to
the gearound setting at the same time that flap/slat retraction is begun.
The design features involved with this requirement are the rate of flap/slat
retraction, the presence of any flap gates, and tree@and poweor
thrust setting. The garound power or thrust setting should be the same as
is used to comply with the approach and landing climb performance
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requirements of §85.121(d) and 25.119, and the controllability
requirements of 885.145(b)(3), 25.145(b)§425.145(b)(5), 25.149(f),
and 25.149(g). The controllability requirements may limit thegmnd
power or thrust setting.

Section 25.145(d) provides requirements for demonstrating compliance
with 8§ 25.145(c) when gates are installed on the flap selesemtion
25.145(d) also specifies gate design requirements. Flap gates, which
prevent the pilot from moving the flap selector through the gated position
without a separate and distinct movement of the selector, allow
compliance with these requirementd®demonstrated in segments. High
lift device retraction must be demonstrated beginning from the maximum
landing position to the first gated position, between gated positions, and
from the last gated position to the fully retracted position.

If gates are pvided, §25.145(d) requires the first gate from the

maximum landing position to be to be located at a position corresponding
to a gearound configuration. If there are multiple-gmound

configurations, the following criteria should be considered whiettieg

the location of the gate:

1. The expected relative frequency of use of the availabirgond
configurations.

2. The effects of selecting the incorrect hiffhdevice control position.

3. The potential for the pilot to select the incorrect control pwsiti
considering the likely situations for use of the differentagound
positions.

4. The extent to which the gate(s) aid the pilot in quickly and accurately
selecting the correct position of the hilifih devices.

Regardless of the location of any gategidting a gearound from any of
the approved landing positions should not result in a loss of altitude.
Therefore, £5.145(d) requires that compliancéwg 25.145(c) be
demonstrated for retraction of the hijh devices from each approved
landing pogion to the control position(s) associated with the Hitih
device configuration(s) used to establish theagmund procedure(s) from
that landing position. A separate demonstration of compliance with this
requirement should only be necessary if ther@ gate between an
approved landing position and its associate@dgund position(s). If there
is more than one associated@ound position, conducting this test using
the gearound configuration with the most retracted Hiffhdevice

position shouldsuffice, unless there is a more critical case. If there are no
gates between any of the landing flap positions and their associated
go-around positions, the demonstrations discussed in paragrafh
above bould be sufficient to show compliance with this provision of
§25.145(d).
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5.2.2 Procedures.

The following test procedures outline an acceptable means for demonstrating
compliance with 8 25.145. These tests may be conducted at an optional altitude in
accordancevith § 25.21(c). Where applicable, the conditions should be maintained on
the engines throughout the maneuver.

5.2.2.1 Longitudinal Control Recoveny § 25.145(a).

5.2.2.1.1 Configuration
Maximum weight, or a lighter weight if more critical.

Critical CG position.
Landing geaextended.
Wing flaps retracted and extended to the maximum landing position.

= =4 4 -4 -

Engine power or thrust at idle and maximum continuous.

5.2.2.1.2 TestProcedure

The airplane must be trimmed at the speed for each configuration as
prescribed in § 25.103(b)(6). The dape should then be decelerated at

1 knot per second with wings level. For tests at idle power or thrust, the
applicant must demonstrate that the nose can be pitched down from any
speed between the trim speed and the stall. Typically, the most critical
point is at the stall when in stall buffet. The rate of speed increase during
the recovery should be adequate to promptly return to the trim point. Data
from the stall characteristics testing can be used to evaluate this capability
at the stall. For tests ataximum continuous power or thrust, the

maneuver need not be continued for more than one second beyond the
onset of stall warning. However, the static longitudinal stability
characteristics during the maneuver, and the nose down control power
remaining athe end of the maneuver, must be sufficient to assure that a
prompt recovery to the trim speed could be attained if the airplane is
slowed to the point of stall.

5.2.2.2 Longitudinal Control, Flap Extensiond § 25.145(b)(1).

5.2.2.2.1 Configuration

1 Maximum landing weight oa lighter weight if considered more
critical.

Critical CG position.
Wing flaps retracted.

Landing gear extended.

= =2 =4 4

Engine power or thrust at flight idle.
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5.2.2.2.2 Test procedure

The airplane must be trimmed at a speed of k3 The flaps must be
extended to the mxamum landing position as rapidly as possible while
maintaining approximately 1.3s¢for the flap position existing at each
instant throughout the maneuver. Thatcol forces must not exceed

501bs (the maximum force for short term application that caapplied
readily by one hand) throughout the maneuver without changing the trim
control.

5.2.2.3 Longitudinal Control, Flap Retractiond § 25.145(b)(2) and (3).

5.2.2.3.1 Configuration

1 Maximum landing weight or a lighter weight if considered more
critical.

Critical CG posiion.
Wing flaps extended to the maximum landing position.
Landing gear extended.

= =4 =4 =2

Engine power or thrust at flight idle and theayound power or thrust
setting.

5.2.2.3.2 Test procedure

With the airplane trimmed at 1.3 the flaps must be retracted to the
full up position while maintaining approximately 1.3r\for the flap
position existing at each instant throughout the maneuver. The
longitudinal controforce must not exceed 50 ldgoughout the maneuver
without changing the trim control.

5.2.2.4 Longitudinal Control, Power or Thrust Applicationd 8 25.145(b)(4)
and (5).

5.2.2.4.1 Configuration

1 Maximum landing weight or a lighter weight if considered more
critical.

Critical CG position.
Wing flaps retracted and extended to the maximum landing position.

Landing gear extended.

== =2 =4 A

Engine power or thrust at flight idle.

5.2.2.4.2 Test procedure

The airplane must be trimmed at a speed of 3 Quickly set go
around power or thrust while maintaining the speed o¥/%:3 The
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longitudinal control force must not exceedIb8 throughout the maneer
without changing the trim control.

Longitudinal Control, AirspeedVariationd § 25.145(b)(6).

Configuration

1 Maximum landing weight or a lighter weight if considered more
critical.

Most forward CG position.
Wing flaps extended to the maximum landingipos.

Landing gear extended.

= =2 A =

Engine power or thrust at flight idle.

Test Procedure

The airplane must be trimmed at a speed of k3 The speed should
then be reduced tosw and then increased to 1.6#/or the maximum
flap extended speed¥ whiche\er is lower. The longitudinal control
force must not be greater thanlb8. Data from the static longitudinal
stability tests in the landing configuration at forward C@58L75(d),
may be used to show compliance with this requirement.

Longitudinal Control, Flap Retraction and Power or Thrust
Applicationd § 25.145(c).

Configuration
1 Critical combinations of maximum landing weights and altitudes.

9 Critical CG position.

1 Wing flaps extended to the maximum landing position and gated
position, if applicable.

Landing gear extended.

1 Engine power or thrust for level flight at a speed of 1.88f9r
propeller driven airplanes, or 1.1Y3rfor turbojet powered airplanes.

Test procedure

With the airplane stable in level flight at a speed of ¥68for propeller
driven airplanes, or 1.13<¥for turbojet powered airplanes, retract the
flaps to the full up position, or the next gated position, while
simultaneously setting garound power or thrust. Use the same power or
thrust as is used to comply with the performarszpiirement of

§25.121(d), as limited by the applicable controllability requirements. It
must be possible, without requiring exceptional piloting skill, to prevent
losing altitude during the maneuver. Trimming is permissible at any time
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during the maneuer. If gates are provided, conduct this test beginning
from the maximum landing flap position to the first gate, from gate to

gate, and from the last gate to the fully retracted position. If there is a gate
between any landing position and its associatedrgund position(s), this
test should also be conducted from that landing position through the gate
to the associated garound position. If there is more than one associated
go-around position, this additional test should be conducted usingthe go
aroundposition corresponding to the most retracted flap position, unless
another position is more critical. Keep the landing gear extended
throughout the test.

5.2.2.7 Longitudinal Control, Out-of-Trim Takeoff Conditionsd
8825.107(e)(4) and 25.143(a)(1).

See paragraphs2.8.3.3and4.2.8.3.4of this AC.

Directional and Lateral Controld § 25.147.

Explanation.

5.3.1.1 Sections 25.147(a) and (b) provide criteria to determine if the airplane
may have dangerous characteristics such as rudder lock or loss of
directional control if it is maneuvered only with the rudder, while
maintaining wings level, when one or two critical engines are inoperative.
Some yaw capability into the operating engins{g)uld be possible. It
should also be possible to make reasonably sudden heading changes of up
to 15°, as limited by rudder force or deflection, toward the inoperative
engine(s). The intention of the requirement is that the airplane can be
yawed as presitred without needing to bank the airplane. Small
variations of bank angle that are inevitable in a realistic flight test
demonstration are acceptable.

5.3.1.2 Sections 25.147(c) and (e) require an airplane to be easily controllable
with the critical engine(s) inapative. Section 25.147(d) further requires
that lateral control be sufficient to provide a roll rate necessary for safety,
without excessive control forces or travel, at the speeds likely to be used
with one engine inoperative. Compliance can normallgidmaonstrated in
the takeoff configuration atAspeed, because this condition is usually the
most critical. Normal operation of a yaw stability augmentation system
(SAS) should be considered in accordance with the normal operating
procedures. Roll responséth all engines operating, 2.147(f), should
be satisfactory for takeoff, approach, landing, and high speed
configurations. Any permissible configuration that could affect roll
response should be evaluated.
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5.3.2 Procedures.

The following test procedures ¢ine an acceptable means for demonstrating
compliance with £5.147.

5.3.2.1 Directional Control: Generald § 25.147(a).

5.3.2.1.1 Configuration
Maximum landing weight.

Most aft CG position.

Wing flaps extended to the approach position.
Landing gear retracted.

Yaw SAS on, ad off if applicable.

= =2 A A4 A -2

Operating engine(s) at the power or thrust for level flight aVtr3
but not more than maximum continuous power or thrust.

1 Inoperative engine that would be most critical for controllability, with
the propeller (for propeller airplas) feathered.

5.3.2.1.2 Test Procedure

The airplane must be trimmed in level flight at the most critical altitude in
accordance with 8§ 25.21(c). Make heading changes into and away from
the inoperative engine of up to 15° (not using more th&kkbrudder
force),using the roll controls to maintain approximately wings level flight.
The airplane should be controllable and free from any hazardous
characteristics during this maneuver. For airplanes equipped with a rudder
boost system, the evaluation should be dorkoui rudder boost if the

boost system can be inoperative.

5.3.2.2 Directional Control: Four or More Enginesd § 25.147(b).

5.3.2.2.1 Configuration
Maximum landing weight.

Most forward CG position.

Wing flaps in the most favorable climb position (normally retracted).
Landinggear retracted.

Yaw SAS on, and off, as applicable.

= =4 A -4 A -2

Operating engines at the power or thrust required for level flight at
1.3Vsry, but not more than maximum continuous power or thrust.

1 Two inoperative engines that would be most critical for controltshbili
with (if applicable) propellers feathered.

5-21



05/04/18

5.3.2.2.2

5.3.2.3

5.3.23.1

5.3.2.3.2

5.3.24

53241

5.3.24.2

AC 257D

Test Procedure

The procedure outlined in paragrapi3.2.2.1above is applicable to this
test.

Lateral Control : Generald 8§ 25.147(c).

Configuration

= =2 A =4 A4 A -

Maximum takeoffweight.

Most aft CG position.

Wing flaps in the most favorable climb position.

Landing gear retracted and extended.

Yaw SAS on, and off, as applicable.

Operating engine(s) at maximum continuous power or thrust.

The inoperative engine that would be modii@al for controllability,
with the propeller (for propeller airplanes) feathered.

Test Procedure

With the airplane trimmed at 1.3s¥, turns with a bank angle of 20° must
be demonstrated with and against the inoperative engine from a steady
climb at 1.3Vsr1 It should not take exceptional piloting skill to make
smooth, predictable turns.

Lateral Control : Roll Capabilityd §25.147(d).

Configuration

= =2 A 4 A4 A -

Maximum takeoff weight.

Most aft CG position.

Wing flaps in the most critical takeoff position.

Landing gearetracted.

Yaw SAS on, and off, as applicable.

Operating engine(s) at maximum takeoff power or thrust.

The inoperative engine that would be most critical for controllability,
with propellers (for propeller airplanes) feathered.

Test Procedure

With the arplane in trim, or as nearly as possible in trim, for straight flight
at V>, establish a steady 30° banked turn. Demonstrate that the airplane
can be rolled to a 30° bank angle in the pthieection in not more than

11 seconds. The rudder may be usethtoextent necessary to minimize
sideslip. Demonstrate this maneuver in the most adverse direction. The
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maneuver may be unchecked, that is, the pilot need not apply a control
input to stop the roll until after the 30° bank angle is achieved. Care
should bdaken to prevent excessive sideslip and bank angle during the
recovery.

Lateral Control : Four or More Enginesd § 25.147(e).

Configuration
Maximum takeoff weight.

Most aft CG position.

Wing flaps in the most favorable climb position.
Landing gear retractemhd extended.

Yaw SAS on, and off, as applicable.

Operating engines at maximum continuous power or thrust.

= =2 A =4 A4 A -

Two inoperative engines most critical for controllability, with
propellers (for propeller airplanes) feathered.

Test Procedure
The procedure outled in paragrapb.3.2.1.2s applicable to this test.

Lateral Control : All Engines Operatingd § 25.147(f).

Configuration
All configurations within the flight envelope for normal operation.

Test Procedure

This is primarily a qualitative evaluation that should be conducted
throughout the test program. Roll performance should be investigated
throughout the flight envelope, including speeds t&/Mkc, to ensure
adequate peak roll rates for safety, consideringlidpet tondition,

without excessive control force or travel. Roll response during sideslips
expected in service should provide maneuvering capabilities adequate to
recover from such conditions. Approach and landing configurations
should be carefully evalued to ensure adequate control to compensate for
gusts and wake turbulence while in close proximity to the ground.
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5.4 Minimum Control Speedd § 25.149.

5.4.1 Explanation.

54.1.1 General.

Section 25.149 defines requirements for minimum control speeds during
takeoff climb (Mac), during takeoff ground roll (Mcc), and during

approach and landing éL and MucL-2). The Muc (commonly referred to

as Muca) requirements are specified ir2§.149(a), (b), (c) and (d); the
Vwmce requirements are described in § 25.149(e); and the &d VmcL-2
requirements are covered in 8§ 25.149(f), (g) and (h). Section 25.149(a)
states, A...the method used to si mul
represent the most critical mode of powerplant failure with respect to
controlability expected in servicedhat is, the power or thrust loss from
the inoperative engine must be at the rate that would occur if an engine
suddenly became inoperative in service. Priamendment 2512 to

§ 25.149, the regulation required that ruddertagrforces must not

exaeed 180bs. With the adoption cdimendment 25812, rudder control
forces became limited to 1%0s. The relationships betweer#/V1, and
Vwmce are discussed in paragragl2, Takeoff and Takeoff Speéds
8825.1(% and 25.107and paragraph.3, AccelerateStop Distancé

§25.109

54.1.2 Safety ConcernsAddressed by \Mica.

When flying with an inoperative engine, the asymmetric yawing moment
must be compensated by aerodynamicdsrcreated by rudder deflection
and sideslip. When the speed decreases, sideslip increases rapidly in a
nonlinear manner. The purpose of thedX requirement is to ensure the
airplane remains safely controllable with the maximum power or thrust
asymmetryat any speed down towéa.

54.13 Weight Effect on Vmca.

To maintain straight flight with an inoperative engine, as required by

§ 25.149(b), the lateral aerodynamic forces resulting from sideslip and
rudder deflection must be balanced by the lateral componergight

(i.e., W* sin(bank angle)). The bank angle necessary to maintain straight
flight is therefore approximately inversely proportional to the weight.
Since 825.149(b) allows Mca to be determined with up to 5° of bank
angle, this introduces a weigttffect on \uca. The heavier the weight, the
lower the Muca, but the greater will be the demonstrated sideslip. As an
example, flying a heavy airplane at adk speed determined at a lighter
weight will result in the same sideslip, but a smaller bank gegle, 4°
instead of 5° if the airplane is 25 percent heavier).
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5.4.2 ProceduresGeneral

5421 Prior to beginning the minimum control speed tests, the applicant should
verify which engineds failure wil!/l
moment (iieal otédregiime) t This is typi

outboard engine to maximum power or thrust, setting the corresponding
opposite engine at idle, and decelerating with wings level until full rudder
is required. By alternating power or thrust on/powehaust off from left

to right, the critical engine can be defined as the idle engine that requires
the highest minimum speed to maintain a constant heading with full
rudder deflection.

5.4.2.2 For propellerdriven airplanes, Mca, Vmcs, and MacL (and MacL-2, as
applicable) should be determined by rendering the critical engine(s)
inoperative and allowing the propeller to attain the position it
automatically assumes. However, for some engine/propeller installations,
a more critical drag condition could be producethasresult of a failure
mode that results in a partial power condition that does not activate the
automatic propeller drag reduction system (e.g., autofeather system). One
example is a turbopropeller installation that can have a fuel control failure,
which causes the engine to go to flight idle, resulting in a higher
asymmetric yawing moment than would result from an inoperative engine.
In such cases, in accordance with5149(a), the minimum control speed
tests must be conducted using the most critashire mode. For
propellerdriven airplanes wherewéa is based on operation of a propeller
drag reduction system,wa should also be defined with the critical
engine at idle to address the training situation where engine failure is
simulated by retardothe critical engine to idle. If \ca at idle is more
than one knot greater than for the engine failure with an operating drag
reduction system, the idle engin@dA should be included in the normal
procedures section of the AFM as advisory informatioma&intain the
level of safety in the aforementioned training situation.

5.4.2.3 AFM values of Mica, Vmce, and Muct (and MucL-2, as applicable) should
be based on the maximum net power or thrust reasonably expected for a
production engine. These speeds should adidsed on specification
power or thrust, since this value represents the minimum power or thrust
guaranteed by the engine manufacturer, and the resulting minimum control
speeds will not be representative of what could be achieved in operation.
The maximunpower or thrust used for scheduled AFM minimum control
speeds should represent the high side of the tolerance band, but may be
determined by analysis instead of tests.

5.4.2.4 When determining Mca, VmcL and MucL-2, consideration should be given
to the adverse fdct of maximum approved lateral fuel imbalance on
lateral control availability. This is especially of concern if tests or analysis
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show that the lateral control available is the determining factor of a
particular Mac.

For changes to approved designs,dfifect of any aerodynamic or
propulsive changes on compliance wath 149 must be assessed per
§21.20. For example, for design changes involving an increase in engine
thrust, the effect of the higher thrust on minimum control speeds must be
specifically ealuated, and, if found to be not negligible, must be
accounted for.

ProceduresMinimum Control Speeds Air (V mca).

5431

54311

54.3.1.2

5.4.3.2

54321

5.4.3.2.2

In showing compliance with thewéa requirements, the following two
conditions should be satisfied:

The stabilized (static) condition whezenstant heading is maintained
without exceeding a 5ank angle, and

The dynamic condition in which control is maintained without exceeding a
heading change of 20°.

Note: Separate tests are usually conducted to show compliance with these
two conditions.

Static Test Procedure and Required Data.

To determine Wica, use the configuration specified in § 25.149, except
that Muca is normally determined at minimum weight in order to

minimize the stall speed and because statiea\ecreases with increased
weight if a 5°bank angle is used. The requirement @b8L49(c) that

Vmca not exceed 1.13 d&is based on Yrat maximum sea level takeoff
weight. With the critical engine inoperative, the corresponding opposite
engine should be adjusted to maximum takeoff powerihansl the

airspeed decreased until heading can just be maintained withddému

and no more than a Bank into the operating engine. For airplanes with
more than two engines, the inboard engine(s) may be set to any power or
thrust necessary to assistdeveloping the desired level of asymmetric
power or thrust, or to achieve the desired flight path angle (normally level
flight).

If the maximum asymmetric power or thrust that is permitted by the AFM
operating limitations was maintained at the test\aya, and the rudder
pedal force did not exceed the limit specified in § 25.149(d), the resulting
speed may be used as the single valuemah\for the airplane. If, at the
option of the applicant, the AFM value ofa¥a is to vary with pressure
altitude aml temperature, the test day minimum control speed and the
corresponding power or thrust should be used to calculate an equivalent
yawing moment coefficient (. This Gy value may then be used to
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calculate Vica as a function of takeoff power or thrust, $hpermitting

Vmca to be scheduled as a function of pressure altitude and temperature
for takeoff data expansion and presentation in the AFM. é8pedix F

of this AC for further discussion ofwéa correction.)

If maximum allowable takeoff power or thrust could not be developed at
the flight test conditions, but maximum rudder deflection was achieved,
then the Wica value corresponding to sea level standard day maximum
asymmetric power or thrust may be calculdtedn the G, attained at the

test value of Wica. Extrapolation using this constant @ethod should be
limited to 5 percent of the test day asymmetric power or thrust, and should
only be permitted if the rudder pedal force at the test day Was not
morethan 95 percent of the limit value specified i85149(d). For
extrapolation beyond 5 percent power or thrust, a more rigorous analysis,
using all the applicable stability and control terms, should be made. (See
appendixF of this AC for further discussion of\\a correction.)

If V mca could not be achieved due to stall buffet, or excessive rudder
pedal force, a parametric investigation should be undertaken to determine
whether \ica is limited by stall speed, aximum rudder deflection, or
maximum allowable rudder pedal force. (SpendixG of this AC.)

Dynamic Test Procedures and Required Data.

After the static Wica tests have been completed, dynamic engine cuts

shauld be evaluated at a series of decreasing airspeeds to show that sudden
engine failure at any speed down to the staticAdalue meets the
requirements of 8 25.149. The dynamiagcdX test is conducted by

applying the maximum approved power/thrust to atboard engines,

stabilizing at the test airspeed, and then cutting fuel to the critical engine.
The pilot must be able to recover to a straight flight condition (constant
heading) with an angle of bank of not more than 5°.

1 Without deviating more than 2@drees from the original heading,

1 While maintaining the test airspeed, without reducing power/thrust on
the operating engine(s), and

1 Without exceeding the rudder pedal force limit &5149(d).

In accordance with 85.149(d), the airplane may not assuang

dangerous attitude, nor require exceptional piloting skill, alertness, or
strength. The maximum bank angle achieved during the tests may exceed
5° provided the airplane characteristics comply with this qualitative
requirement. If the dynamic tests ritsn a Viuca greater than the static

value, the increment between the static and dynamig ¥t the same

altitude should be added to the sea level extrapolated value. If the dynamic
value is less than the static value, the statieashould be used fohée

AFM data expansion.
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If static Vmca is near stall speed at the minimum practicable test weight,
or if the thrustto-weight ratio (T/W) results in a trimmed pitch attitude of
more than 20°, it is not feasible to attempt to accurately define a
guantitativevalue of Muca using a sudden engine cut because of the
dynamics of the rapid pitch down maneuver required, and the hazard
associated with a potential spin entry. Additionally, an extreme nose up
attitude followed by an engine cut is not representatianaiperational
takeoff engine failure. Since § 25.107(e)(1)(ii) requirggd/be not less
than 1.05 Wica, and there is some additional speed increase prior to lift
off, a transport airplane is typically never airborne below approximately
1.08 Muca. Therebre, instead of using the dynamic method to define
Vwmca for these aircraft with high T/W or stall speed coincident witlzA/

it is more appropriate for a dynamic engine cut to be evaluated only for
acceptable controllability, and at a more representapeed. For these
airplanes, a dynamic engine cut should be evaluated at an airspeed of
either 1.08 ¥éror 1.1 Muca (static), whichever is greater. During the entry
to, and recovery from this maneuver, all the requirement26f819(d)
must be met.

For arplanes with rudder travdimited Vmca that have increased power

or thrust engines installed, with
layout or dimensions, it may not be necessary to conduct dynamic V
flight testing if the power or thrust has notieased more than 10 percent
above the level at which dynamia¥a had previously been

demonstrated. (SependixF of this AC.)

5.4.4 ProceduresMinimum Control Speedsround (Micc)d 8§ 25.149(e).

5.4.4.1

5.4.4.2

It must be demonsdted that, when the critical engine is suddenly made
inoperative at Wcc during the takeoff ground roll, the airplane is safely
controllable if the takeoff is continued. During the demonstration, the
airplane must not deviate more than 30 feet (25 feet framendment
25-42) from the preenginecut projected ground track. The critical

engine) for ground minimum control speed testing should be determined
during the takeoff ground run using techniques similar to these described
in paragraplb.4.2 If there is a significant difference in left and right
rudder deflection, the loss of asymmetric propeller disc loading, due to
near zero angtef-attack during the takeoff roll, could result in the critical
engine beig on the opposite side of the airplane relative to the airborne
minimum control speed tests.

Work up tests may be conducted by abruptly retarding the critical engine
to idle to determine the airplane asymmetric control characteristics and
provide data fronwhich an estimate of e can be made. Due to the
engine spindown characteristics with the critical engine retarded to idle,
the speed will not, in general, be representative of tiesgpeed that

would be obtained with a fuel cut. Therefore, the ce#tfon tests for
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Vmce should be conducted using fuel cuts. Starting from a speed
comfortably above the estimateddt and with the maximum takeoff

power or thrust level to be certified, several fuel cuts should be made at
decreasing calibrated airspeedstablish the minimum airspeed at

which the lateral deviation is less than or equal to 30 fagic\s

determined for zero crosswind conditions. However, in light crosswind

test conditions the Mcc value determined should be that which is
appropriatet¢ he adverse crosswind or, at
corrected to a zero crosswind value using runs made on reciprocal
headings.

During determination of Mce, engine failure recognition should be
provided bythe pilot

1 Feeling a distinct change ihe directional tracking characteristics of
the airplangor

1 Seeing a directional divergence of the airplane with respect to the view
outside the airplane.

Directional control of the airplane should be accomplished by use of the
rudder only. All other contils, such as ailerons and spoilers, should only

be used to correct any alterations in the airplane attitude and to maintain a
wings level condition. Pilot input to controls to supplement the rudder
effectiveness should not be used. Care should also beriakéo

inadvertently apply brake pressure during large rudder deflections, as this
will invalidate the test data.

Vmce testing should be conducted at the most critical weight in the range
where \ucec may impact AFM \ speeds.

Vwmce testing should be condigd at aft CG and with the nose wheel free

to caster, to minimize the stabilizing effect of the nose gear. If the nose
wheel does not caster freely, the test may be conducted with enough nose
up elevator applied to lift the nose wheel off the runway.

Vwmca testing should not be conducted on runways with excessive
crowning (i.e., crossunway slope) unless the effects of such crowning are
determined to be conservative.

For airplanes with certification bases prioatoendment 2812, Viuce

values may be demomated with nose wheel rudder pedal steering

operative for dispatch on wet runways. The test should be conducted on an
actual wet, smooth (i.e., not grooved or PFC) runway. The test(s) should
include engine failure at or near a minimum=¥ssociated with mimum

VR to demonstrate adequate controllability during rotation, liftoff, and the
initial climbout. The Micc values obtained by this method are applicable

for wet or dry runways only, not for icy runways.
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5.4.5 ProceduresMinimum Control Speed during Approaand Landing (WicL)0
8 25.149(f).

5.45.1 This section is intended to ensure that the airplane is safely controllable
following an engine failure during an ahginesoperating approach and
landing. From a controllability standpoint, the most critical case usually
consists of an engine failing after the power or thrust has been increased to
perform a gearound from an alenginesoperating approach.
Section25.149(f) requires the minimum control speed to be determined
that allows a pilot of average skill and strintp retain control of the
airplane after the critical engine becomes inoperative and to maintain
straight flight with less than 5° of bank angle. Section 25.149(h) requires
that sufficient lateral control be available aicyY to roll the airplane
throughan angle of 20°, in the direction necessary to initiate a turn away
from the inoperative engine, in not more than five seconds when starting
from a steady straight flight condition.

5.45.2 Conduct this test using the most critical of theeslginesoperating
approach and landing configurations or, at the option of the applicant,
each of the alenginesoperating approach and landing configurations.
The procedures given in paragraph.3.2and5.4.3.2.3for Vmca may be
used to determinentL, except that flap and trim settings should be
appropriate to the approach and landing configurations, the power or
thrust on the operating engine(s) should be set to Ha@amd poweor
thrust setting, and compliance with aliy requirements of 85.149(f)
and (h) must be demonstrated.

5.4.5.3 In accordance with 85.149(f)(5) for propeller driven airplanes, the
propeller must be in the position it achieves without pilot action following
ergine failure, assuming the engine fails while at the power or thrust
necesary to maintain a 3pproach path angle.

5454 At the option of the applicant, a ceagineinoperative landing minimum
control speed, McLa outyy Mmay be determined in the conditionpegpriate
to an approach and landing with one engine having failed before the start
of the approach. In this case, only those configurations recommended for
use during an approach and landing with one engine inoperative need be
considered. The propeller tife inoperative engine, if applicable, may be
feathered throughout. The resulting value etM1 outy may be used in
determining the recommended procedures and speeds for a
oneengineinoperative approach and landing.

5.4.6 ProceduresMinimum Control Speed wh Two Inoperative Engines during Approach
and Landing (MicL2)0 8 25.149(q).

546.1 For airplanes with three or more enginegcM: is the minimum speed for
maintaining safe control during the power or thrust changes that are likely
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to be made following the faife of a second critical engine during an
approach initiated with one engine inoperative.

5.4.6.2 In accordance with 85.149(g)(5) for propeller driven airplanes, the
propeller of the engine that is inoperative at the beginning of the approach
may be in the featired position. The propeller of the more critical engine
must be in the position it automatically assumes following engine failure.

5.4.6.3 Conduct this test using the most critical approvedemgneinoperative
approach or landing configuration (usually the imimm flap deflection),
or at the option of the applicant, each of the approved
one-engineinoperative approach and landing configurations. The
following demonstrations should be conducted to determing ¥

5.4.6.3.1  With the power or thrust on the operating eegiset to maintain-8°
glideslope with one critical engine inoperative, the second critical engine
is made inoperative and the remaining operating engine(s) are advanced to
the gearound power or thrust setting. Th@d/-> speed is established by
the pra@edures presented in paragrapht3.2and5.4.3.3belowfor
Vmca, except that flap and trim settings should be appropriate to the
approach and landing configuratgrihepower or thrust on the operating
engine(s) should be set to thegmund power or thrust setting, and
compliance with all WcL-2 requirements of 85.149(g) and (h) must be
demonstrated.

5.4.6.3.2  With power or thrust on the operating engines set to maiat&n
glideslope, with one critical engine inoperative:

1. Setthe airspeed at the value determinguhiragraptb.4.6.3.1above
and, with zero bank angle, maintain a constant heading using trim to
reduce the condl force to zero. If full trim is insufficient to reduce the
control force to zero, full trim should be used plus control deflection as
required; and

2. Make the second critical engine inoperative and retard the remaining
operating engine(s) to minimum axable power or thrust without
changing the directional trim. Thewy.-2 determined in
paragraptb.4.6.3.1is acceptable if constant heading can be
maintained without exceeding a 5° bank angle and the limiting
corditions of §25.149(h).

3. Starting from a steady straight flight condition, demonstrate that
sufficient lateral control is available at¥. - to roll the airplane
through an angle of 20° in the direction necessary to initiate a turn
away from the inoperatevzengines in not more than five seconds. This
maneuver may be flown in a batdbank roll through a wings level
attitude.
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At the option of the applicant, a tvemginesinoperative landing

minimum control speed, WL-2¢ outy May be determined in the cotioins
appropriate to an approach and landing with two engines having failed
before the start of the approach. In this case, only those configurations
recommended for use during an approach and landing with two engines
inoperative need be considered. Thepellers of the inoperative engines,

if applicable, may be feathered throughout. The valuesvef Yor

VmcL-2@2 ouyShould be used as guidance in determining the recommended
procedures and speeds for a{®minesinoperative approach and

landing.

Autofeather Effects

Where an autofeather or other drag limiting system is installed, and will be
operative at approach power settings, its operation may be assumed in
determining the propeller position achieved when the engine fails. Where
automatic feathermis not available, the effects of subsequent movements
of the engine and propeller controls should be considered, including fully
closing the power lever of the failed engine in conjunction with
maintaining the g@around power setting on the operatingiea(g).
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CHAPTER 6. FLIGHT: TRIM

Trimo § 25.161.

Explanation.

Adequate trim capability should be provided for any flight condition that it is
reasonable to assume will be maintained steadily for any appreciable time.

Procedures.

6.1.2.1 The trim requirements specify the rasg# speed and the airplane
configurations at which the airplane must be able to maintain trim.

6.1.2.2 All weights, from the minimum «ilight weight to the maximum takeoff
weight, should be considered. For airplanes with unpowered controls, the
lowest weight maye more critical since this results in the lowest
airspeed.

[Reserved.]
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CHAPTER 7. FLIGHT: STABILITY

Generald § 25.171. [Reserved]

Static Longitudinal Stability and Demonstration of Static Longitudinal Stabilityd
8825.173 and 25.175.

Explanation.

7.21.1

7.2.1.1.1

7.2.1.1.2

7.2.1.1.3

72114

7.2.1.2

Static Longitudinal Stabilityd 8§ 25.173

Compliance with the general requirements of § 25.173 is determined from
a demonstration of static longitudinal stability under the conditions
specified in § 25.175.

The requirement is to have a pull force to obtain and maintain speeds
lower than trim speed, and a push force to obtain and maintain speeds
higher than trim speed. There may be no force reversal at any speed that
can be obtained, except lower than the minimum for steady, unstalled
flight or, higher than the landing gear oing flap operating limit speed or
Vrcd/Mec, whichever is appropriate for the test configuration. The required
trim speeds are specified ir2§.175.

When the control force is slowly released from any speed within the
required test speed range, thespeéednust return to within 1@ercent of

the original trim speed in the climb, approach, and landing conditions, and
return to within 7.5 percent of the trim speed in the cruising condition
specified in 8§ 25.175 (free return).

The average gradient of the stickce versus speed curves for each test
configuration may not be less tharllfor each 6 knots for the appropriate
speed ranges specified in § 25.175. Therefore, after each curve is drawn,
draw a straight line from the intersection of the curve andetpained
maximum speed to the trim point. Then draw a straight line from the
intersection of the curve and the required minimum speed to the trim
point. The slope otese lines must be at leadbXor each 6 knots. The

local slope of the curve must remaitable for this range.

Demonstration of Static Longitudinal Stabilityd § 25.175

This sectiorspecifically defines the flight conditions, airplane
configurations, trim speed, test speed ranges, and power or thrust settings
to be used in demonstrating cdmapce with the longitudinal stability
requirements.
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7.2.2.1

7.2.2.1.1

7.2.2.1.2

7.2.2.1.3
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Stabilized Method.

For the demonstration of static longitudinal stability, the airplane should
be trimmed in smooth air at the conditions required by the regulation. Aft
CG loadings are geradly most critical. After stabilizing at the trim speed,
apply a light pull force and stabilize at a slower speed. Continue this
process in increments, the size of the speed increment being dependent on
the speed spread being investigated, until reachmgiinimum speed for
steady, unstalled flight or the minimum speed appropriate for the
configuration. A continuous pull force should be used from the trim speed
on each series of test points to eliminate hysteresis effects. At the end of
the required spea@dnge, the force should be gradually relaxed to allow
the airplane to return slowly toward the trim speed and zero stick force.
Depending on the amount of friction in the control system, the eventual
speed at which the airplane stabilizes will normallydss than the

original trim speed. The new speed, called the free return speed, must
meet the requirements 02%.173.

Starting again at the trim speed, and with the airplane in trim, push forces
should be gradually applied and gradually relaxed indhgesmanner as
described in paragraph2.2.1.1above.

The above techniques result in several problems in practice. One effect of
changing airspeed is a change of altitude, with a corresponding change in
Mach nuniber and power or thrust output. Consequently, a reasonably
small altitude band, limited 3,000 feet, should be used for the

complete maneuver. If this altitude band is exceeded, regain the original
trim altitude by changing the power or thrust setting #iap and gear

position as necessary, but without changing the trim setting. Then continue
the push or pull maneuver in the original configuration. Testing somewhat
beyond the required speed limits in each direction assures that the
resulting data coveia least the required speed ranges. It will also be
noted in testing that while holding force constant at each data point, the
airspeed and instantaneous vertical speed vary in a cyclic manner. This is
due to the long period (phugoid) oscillation. Careuti be exercised in
defining and evaluating the data point, since it may be biased by this
phugoid oscillation. Averaging these oscillating speeds at each data point
is an acceptable method of eliminating this effect. Extremely smooth air
improves the quay of the test data. hibay and crosbay wing fuel shift

is another issue experienced in some airplandsayrfuel shift occurs

rapidly with pitch angle; therefore, consideration should be given to
testing with fuel loadings that provide the maximumftssince it is

generally destabilizing. Slower, crebay fuel shift, or burn from an aft

tank, can influence the measured stability but usually only because of the
time required to obtain the data points. This testing induced instability
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should be remaad from the data before evaluating the slope of the stick
force versus speed.

7.22.2 Acceleration-Deceleration Method.

7.2.2.2.1 Trim at the desired airspeed and note the power or thrust setting. Without
changing pitch trim, increase power or thrust to accelerate tharserfn
the extreme speed of the desired data band. Using elevator control as
needed, maintain approximately a constant altitude. Then, without
changing pitch trim, quickly reset the power or thrust to the original power
setting and allow the airplane toodderate at a constant altitude back to
the original trim speed. Obtain longitudinal static stability data during the
deceleration to trim speed with the power and the pitch trim position the
same as the original trim data point.

7.2.2.2.2 Obtain data below the trispeed in a similar manner, by reducing power
or thrust to decelerate the airplane to the lowest speed in the data band.
Using elevator control as needed without changing pitch trim, maintain
approximately a constant altitude. Then, without changing pitch
quickly reset the power to the original power setting, and record the data
during the level flight acceleration back to trim speed. If, because of
thrust/drag relationships, the airplane has difficulty returning to the trim
conditions, small altitudehanges within £2,000 feet can also be used to
coax an airplane back to trim speed. Level flight is preferred, if possible.
Obtain speed and elevator stick force data approximately every 10 knots
of speed change.

7.2.2.2.3  The resulting pilot longitudinal force tggoints should be plotted versus
airspeed to show the positive stable gradient of static longitudinal stability
and that there are no ndrsos@iespeédd rever s
relationship over the range of airspeeds tested. This plot sheoldlaw
the initial trim point and the two retwto-trim points to evaluate the
returnto-trim characteristics. (Sdyure 7-1 below.)
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Figure 7-1. Longitudinal Static Stability
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Exampl es of Al oc affiguned2belowsCuivesdandr e gi
C depict a local gradient reversal within the required speed range. Even

though it might be arguetita t atvheer afige gr adibénnt 0 me et
6 knots criterion, the gradient reversals would render these characteristics
unacceptable. Curve B depicts a situation in which the gradient reverses,

but only outside the required speed range. In addition,eCBirv

demonstrates a situation in which the local gradient does not always meet

the required. Ib in 6 knots even though the average gradient does.
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Figure 7-2. Local Reversal
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* Zero slope at end of speed range.

7.3 Static Directional and Lateral Stabilityd § 25.177.

7.3.1 Explanation.
7.3.1.1 Static Directional Stability.

Positive static directional stability is defined as the tendency to recover
from a skid with the rudder free. Positive static directional stability is
required byg 25.177(a) for any landing gear and flap position and
symmetrical power or thrust condition at speeds from 15k3 % to Ve,
Ve, or Ved/MEec, as appropriate for the airplane configuration.

7.3.1.2 Static Lateral Stability .

Positive static lateral stability defined as the tendency to raise the low
wing in a sideslip with hands off the roll controls. Section 25.177(b)
requires that static lateral stability not be negative in any landing gear and
flap position and symmetrical power or thrust condition at sp&edh

1.13 Vsr1to Vrg, ViE, Or VMo/Mwmo, as appropriate for the airplane
configuration. At speeds fromwé/Mwmo to Vec/Mrc, negative static

lateral stability is permitted by 25.177(b), if the divergence is:

1 Gradual,
1 Easily recognizable by the pilot, and
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1 Easily controllable by the pilot.
Steady Straight Sideslips.

Section 25.177(c) requires, in steady, straight sideslips throughout the
range of sideslip angles appropriate to the operation of the airplane, that
the aileron and rudder control movements andds be proportional to

the angle of sideslip. Also, the factor of proportionality must lie between
limits found necessary for safe operati8ection25.177(c) also states that
that the range of sideslip angles evaluated must include those sideslip
angles resulting from the lesser of: (1) ehalf of the available rudder
control input; and (Ra rudder control force of 18Bs. This means that if
using onehalf of the available rudder contriolput takes less than 1865

of force, then compliance must based on using orwalf of the available
rudder control iput. If application of 18Wbs of rudder control force
results in using less than ehalf of the available rudder control input,
then compliance mude based on applying 18 of rudder control

force. By crosgseference to 85.177(a), 85.177(c) requires that these
steady, straight sideslip criteria be met for all landing gear and flap
positions and symmetrical power thrustconditions at speeds from
1.13Vsr1to Vrg, ViE, Or VEd/MEc, as appopriate for the configuration.

Experience has shown that an acceptable method for determining the
appropriate sideslip angle for the operation of a transport category airplane
is provided by the following equation:

i Wi 008 fio
Where:

i YRQiI o QRG Q

w 0 i nIYRNY

Recognizing that smaller sideslip angles are appropriate as speed is
increased, this equation provides sideslip angle as a function of airspeed.
The equation is based on the theoretical sideslip yahee 3Gknot

crosswind, but has been shown to conservatively represent (i.e., exceed)
the sideslip angles achieved in maximum crosswind takeoffs and landings
and minimum static and dynamic control speed testing for a variety of
transport category airplaseExperience has also shown that a maximum
sideslip angle of 15° is generally appropriate for most transport category
airplanes even though the equation above may provide a higher sideslip
angle. However, limiting the maximum sideslip angle to 15° maypeot
appropriate for airplanes with low approach speeds or high crosswind
capability.

A lower sideslip angle than that provided in paragraghl.3.2above
may be used if it is substantiated that the lower vedunservatively
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7.3.1.4

7.3.1.4.1

7.3.1.4.2

7.3.1.4.3
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covers all crosswind conditions, engine failure scenarios, and other
conditions where sideslip may be experienced within the approved
operating envelope. Conversely, a higher value should be used for
airplanes where test evidence indicdtes a higher value would be
appropriate to the operation of the airplane.

For the purpose of showing compliance with the requirement out to
sideslip angles associated with the lesser obiighalf of the available
rudder control input; and Y2 ruddeicontrol force of 180bs; there is no
need to consider a rudder control input beyond that corresponding to full
available rudder surface travel. Some rudder control system designs may
limit the available rudder surface deflection such that full defle¢ton

the particular flight condition, or the maximum commanded sideslip angle
for the flight condition, is reached before the rudder control reaches one
half of its available travel. In such cases, further rudder control input is
unnecessary as it would nafsult in a higher sideslip angle, and therefore
would not affect compliance with the rule.

Full Rudder Sideslips.

At sideslip anglegreaterthan those appropriate for normal operation of
the airplane, up to the sideslip angle at which full rudder coinfpat is

used o a rudder control force of 18Bs is obtained, 85.177(d) requires

that the rudder pedal control may not reverse and increased rudder
deflection must be needed fiocreased angles of sideslip. The goals of
this higherthannormal sidelp angle test are to show that at full rudder
control input, or at maximum expected pilot effort (1) the rudder control
force does not reverse, and (2) increased rudder deflection must be needed
for increased angles of sideslip, thus demonstrating freéomrudder

lock or fin stall, and adequate directional stability for maneuvers involving
large rudder inputs.

Compliance with this requirement should be shown using straight, steady
sideslips. However, if full lateral control input is reached before full

rudder control travelroa rudder control force of 18Bs is reached, the
maneuver may be continued in a rsiaady heading (i.e., rolling and

yawing) maneuver. Care should be taken to prevent excessive bank angles
that may occur during this maneuver.

Section 25.177(d) states that the criteria listed in paragrapi.4.1

above must be met at all approved landing gear and flap positions for the
range of operating speeds and power conditions appropriate to each
landing gear and flap position with all engines operating. The range of
operating speeds and power conditions appropriate to each landing gear
and flap position with all engines operating should be consistent with the
following:
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1. For takeoff configurationspeeds from ¥xx (airspeed approved for
all-enginesoperating initial climb) to W& or Vg, as appropriate, and
takeoff power/thrust;

2. For flaps up configurations, speeds from 1.23 % V.e or Vmo/Mwo,
as appropriate, and power from idle to maximumtioolous
power/thrust;

3. For approach configurations, speeds from 1.23tW Vre or Vg, as
appropriate, and power from idle to-goound power/thrust; and

4. For landing configurations, speeds frome¥5 knots to \ée or Vg, as
appropriate, with power from liel to gearound power/thrust at speeds
from Vrerto Vre/V g, and idle power at M5 knots (to cover the
landing flare).

7.3.2 Procedures.

The test conditions should include each flap and landing gear configuration as described
in paragraphg.3.1.1through7.3.1.40f this AC at an altitude appropriate to each
configuration.

7.3.2.1 Basic Tests for Static Directional and Lateral Stability.

7.3.2.1.1 Static Directional Stability.

To check stac directional stability with the airplane in the desired
configuration and stabilized at the trim speed, the airplane is slowly yawed
in both directions while maintaining the wings level with the roll controls.
When the rudder is released, the airpldmsutd tend to return to straight
flight.

7.3.2.1.2 Static Lateral Stability.

To check lateral stability with a particular configuration and trim speed,
conduct steady, straight sideslips at the trim speed by maintaining the
airplane heading with rudder and bankinighwthe roll controls. When the

roll controls are released, with the rudder held fixed, the low wing should
tend to return to level. Initial bank angle should be appropriate to type;
however, it is recommended that it should not be less than 10° or that
necessary to maintain the steady, straight sideslip withhatferudder
deflection, whichever occurs first. Roll control centering by the pilot
should not be permitted during this evaluation. The intent of this testing is
to evaluate the shetérm responsef the airplane; thereforéongterm

effects, such as those due to spanwise fuel movement, need not be taken
into account.

7.3.2.1.3 Steady, Straight Sideslips

Steady, straight sideslips should be conducted in each direction to show
that the aileron and rudderrmdool movements and forces are substantially
proportional to the angle of sideslip in a stable sense, and that the factor of
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proportionality is within the limits found necessary for safe operation.
These tests should be conducted at progressively gretgslis angles up
to the sideslip angle appropriate to the operation of the airplane (see
paragrapty.3.1.3.2 or the sideslip angle associated with-tradf of the
available rudder control input (as limited &yudder control force of
1801bs), whichever is greater.

When determining the rudder and aileron control forces, the controls
should be relaxed at each point to find the minimum force needed to
maintain the control surface deflection. If excessive factgopresent, the
resulting low forces will indicate the airplane does not have acceptable
stability characteristics.

Instead of conducting each of the separate qualitative tests described in
paragrapty.3.2.1 the applicant may use recorded quantitative data
showing aileron and rudder control force and position versus sideslip (left
and right) to the appropriate limits in the steady heading sideslips
conducted to show compliance witt28.177(c). If the contrdbrce and
position versus sideslip indicates positive dihedral effect and positive
directional stability, compliance with § 25.177(a) and (b) will have been
successfully demonstrated.

Full Rudder Sideslips.

Rudder lock is that condition where the ruddegrdvalances
aerodynamically and either deflects fully with no additional pilot input or
does not tend to return to neutral when the pilot input is released. It is
indicated by a reversal in the rudder control force as sideslip angle is
increased. Full rudsr sideslips are conducted to determine the rudder
control forces and deflections out to sideslip angles associated with full
rudder control input (or as limited by a rudder control force ofl8pto
investigate the potential for rudder lock and lacklioéctional stability.

To check for positive directional stability and for the absence of rudder
lock, conduct steady heading sideslips at increasing sideslip angles until
obtaining full rudder control inputr@a rudder control force of 18bs. If

full lateral control is reached before reaching tiggler control limit or
1801Ibs of rudder control force, continue the test to the rudder limiting
condition in a norsteady heading sideslip maneuver.

Control Limits.

The control limits approved for the airpashould not be exceeded when
conducting the flight tests required by 8§ 25.177.

Flight Test Safety Concerns.

In planning for and conducting the full rudder sideslips, items relevant to
flight test safety should be considered, including:
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Inadvertent stalls
Effects of sideslip on stall protection systems,

Actuation of stick pusher, including the effects of sideslip on
angleof-attack sensor vanes,

Heavy buffet,
Exceeding flap loads or other structural limits,
Extreme bank angles,

= =4 4 A

Propulsion system behavia.g., propeller stress, fuel and oil supply,
and inlet stability),

Minimum altitude for recovery,
Resulting roll rates when the aileron limit is exceeded,

Position errors and effects on electronic or augmented flight control
systems, especially whenusinche ai r pl aneds product
system, and

1 Rudder loads, particularly those that may occur with dynamic rudder
inputs.

7.4 Dynamic Stabilityd § 25.181.

7.4.1 Explanation.
The dynamic stability tests described in this section should be conducted over the speed
range of 1.13 \érto Vrg, Vi Or VEc/MEc, as appropriate.

7.4.1.1 Dynamic Longitudinal Stability.

7.4.1.1.1 The short period oscillation is the first oscillation the pilot sees after
disturbing the airplane from its trim condition with the pitch control (as
opposed to the longeriod (phugoid)). Care should be taken that the
control movement used to excite the motion is not too abrupt.

7.4.1.1.2 Heavily damped means that the oscillation has decreased to 1/10 the initial
amplitude within approximately two cycles after completion of therob
input.

7.4.1.1.3  Short period oscillations must be heavily damped, both with controls free
and controls fixed.

7.4.1.2 Dynamic Lateral-Directional Stability.

The evaluation of the dynamic latertectional stability should include
any combined lateradirectionalos i | | ati on (ADutch roll
the speed range appropriate to the airplane configuration. This oscillation
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must be positively damped with controls free and must be controllable
with normal use of the primary controls without requiring exceptional
piloting skill.

Dynamic Longitudinal Stability.

The test for longitudinal dynamic stability is accomplished by a rapid
movement or pulse of the longitudinal control in a nose up and nose down
direction at a rate and degree necessary to ob&horaperiod pitch

response from the airplane.

Dynamic longitudinal stability should be checked at a sufficient number of
points in each configuration to assure compliance at all operational speeds.

Dynamic Lateral-Directional Stability.

A typical test fo lateratdirectional dynamic stability is accomplished by a
rudder doublet input at a rate and amplitude that will excite the
lateratdirectional response (i.e., Dutch roll). The control input should be
in phase with the airplanedés osci l

Dynamic lateraldirectional stability should be checked under all
conditions and configurations. If critical, special emphasis should be
placed on adverse wing fuel loading conditions.

Airplanes Equipped with Stability Augmentation Systems (SAS)

In the evat a SAS is required for the airplane to show compliance with
§25.181(a) or (b), it must meet the requirements of 88 25.671 and 25.672.
Additionally:

If the airplane is equipped with only one SAS (i.e., a single strand system),
in accordance with 85.672 compliance with the dynamic stability
requirements of 5.181(a) or (b), as applicable, must be shown
throughout the normal operating flight envelope to be certificated with the
SAS operating, and in a reduced, practical operating flight envelope that
will permit continued safe flight and landing with the SAS inoperative.

If the airplane is equipped with more than one SAS, the resulting effects of
SAS failure should be considered when determining whether or not the
primary and any redundant SAS shouldbperating simultaneously for
showing compliance with the dynamic stability requirements of
§25.181(a) or (b). If the primary and redundant SAS are dissimilar, the
functional capability (i.e., control authority) of the redundant SAS should
be considered ith regard to restricting the operating envelope after failure

of the primary SAS. At the applicant
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§25.181(a) or (b) may still be demonstrated to a reduced flight envelope
with no SAS operating as described in paragragt?.3.2above.

7.4.2.3.4 Regardless of the SAS redundancy, the airplane should be safely
controllable at the point of system failure or malfunction anywhere in the
approved operating flight envelope of the airplanecokdingly, it should
be demonstrated that the airplane remains controllable during transition
from the operating SAS to any redundant SAS, and during transition from
anywhere in the normal operating envelope to the reduced practical
operating envelope of 35.672(c), if applicable. Airplane controllability
should be demonstrated to meet the following levels as defined by the
FAA HQRM. (The FAA HQRM is described mppendixE of this AC.)

1. In the normal operatindiht envelope with the SAS operating, the

handling qualities should be fAsati s
FAA HQRM.

2. At the point of SAS failure in the normal operating envelope, the
airplane should be ficontroll ableo (

HQRM, during the short term transitory period required to attain a
speed and configuration that will permit compliance with paragsaph
below.

3. During transition from the primary SAS to a redundant SAS, or from
the nomal operating envelope to a reduced, practical operating
envelope (where applicable), the handling qualities should be
Afadequateodo (ADQ) as defined by the

4. In the reduced, practical operating flight envelope that will permit
continued safe flight anéhding, the handling qualities should be
Asatisfactoryo (SAT) as defined by

7-12
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CHAPTER 8. FLIGHT: STALLS

8.1 Stall Testing.

8.1.1 Applicable 14CFR Regqulations

Section 25.21(clroof of compliance

Section 25.1035tall speed

Section 25.143Controllability and maneverabilityd General

Section 25.201Stall demonstration
Section 25.203Stall characteristics
Section 25.207Stall warning

=4 =4 A4 -4 A -2

8.1.2 Explanation.
8.1.2.1 The purpose of stall testing is threefold:

8.1.2.1.1 To define the reference stall speeds and how they vary with weight,
altitude, and airplane configuration.

8.1.2.1.2 To demonstrate that handling qualities are adequate to allow a safe
recovery from the highest angbé-attack attainable in normal flight (stall
characteristics).

8.1.2.1.3 To determine that there is adequate gigdl warning (eitbr aerodynamic
or artificial) to allow the pilot time to recover from any probable high
angleof-attack condition without inadvertently stalling the airplane.

8.1.2.2 During this testing, the anglef-attack should be increased at least to the
point where the belvér of the airplane gives the pilot a clear and
distinctive indication through the inherent flight characteristics or the
characteristics resulting from the operation of a stall identification device
(e.g., a stick pusher) that the airplane is stalled.

8.1.3 Stall Demonstratiod § 25.201.

8.1.3.1 The airplane is considered to be fully stalled when any one or a
combination of the characteristics listed below occurs to give the pilot a
clear and distinctive indication to cease any further increase in
angleof-attack, at with time recovery should be initiated using normal
techniques.

8.1.3.1.1 The pitch control reaches the aft stop and is held full aft for two seconds,
or until the pitch attitude stops increasing, whichever occurs later. In the
case of turning flight stalls, recovemyay be initiated once the pitch

8-1
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control reaches the aft stop when accompanied by a rolling motion that is
not immediately controllable (provided the rolling motion complies with
§ 25.203(c)).

8.1.3.1.2 An uncommanded, distinctive, and easily recognizable nose pibein
that cannot be readily arrested. This nose down pitch may be accompanied
by a rolling motion that is not immediately controllable, provided that the
rolling motion complies with £5.203(b) or (c), as appropriate.

8.1.3.1.3 The airplane demonstrates an unnkatde, inherent aerodynamic
warning of a magnitude and severity that is a strong and effective deterrent
to further speed reduction. This deterrent level of aerodynamic warning
(i.e., buffet) should be of a much greater magnitude than the initial buffet
ordinarily associated with stall warning. An example is a large transport
airplane that exhibits fAdeterrent bu
by an intensity that inhibits reading cockpit instruments and would require
a strong determined effort blge pilot to increase the angbé-attack any
further.

8.1.3.1.4  The activation point of a stall identification device that provides one of the
characteristics listed above. See paragrephof this AC for additional
guidance material on demonstrating compliance with the regulatory
requirements of part 25 for stall identification systems.

8.1.3.2 It should be recognized that the point at which the airplane is considered
stalled may vary, depending on the airplane configuratiag, @aps,
gear, CG, and gross weight). In any case, the aofegdtack should be
increased until one or more of these characteristics is reached for all likely
combinations of variables.

8.1.4 Stall Speeds.

8.14.1 Background.

Since many of the regulations pertaintongperformance and handling
gualities specify trim speeds and other variables that are functions of stall
speeds, it is desirable to accomplish the stall speed testing early in the
program, so the data are available for subsequent testing. Because of this
interrelationship between the stall speeds and other critical performance
parameters, it is essential that accurate measurement methods be used.
Most standard airplane pitstatic systems are unacceptable for stall speed
determination. These tests requihe use of properly calibrated

instruments and usually require a separate test airspeed system.
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Configuration.

Stall speeds should be determined for all aerodynamic configurations to be
certificated for use in the takeoff, en route, approach, and landing
configurations.

The CG positions to be used should be those that result in the highest stall
speeds for each weight (forward CG in most cases).

Sufficient testing should be conducted to determine the effects of weight
on stall speed. Altitude effects (cpnessibility, Reynolds Number) may

also be considered if credit for variations in these parameters is sought by
the applicant. If stall speeds are not to be defined as a function of altitude,
then all stall speed testing should be conducted at a nontihai@lno

lower than 1,500 feet above the maximum approved takeoff and landing
altitude. (See paragraj@hl.4.5.7of this AC.)

Procedures.

The airplane should be trimmed for harud&flight at a speed 13 percen

to 30 percent above the anticipateskMvith the engines at idle and the
airplane in the configuration for which the stall speed is being determined.
Then, using only the primary longitudinal control for speed reduction,
maintain a constant decelerati@ntry rate) until the airplane is stalled, as
defined in 825.201(d) and paragra@l.3.1of this AC. Following the

stall, engine power or thrust may be used as desired to expedite recovery.

A sufficient numier of stalls (normally four to eight) should be
accomplished at each critical combination of weight, altitude, CG, and
external configuration. The intent is to obtain enough data to determine the
stall speed at an entry rate not exceeding 1.0 knot/sebaonicig the

maneuver for determining stall speeds, the flight controls should be
operated smoothly in order to achieve good data quality rather than trying
to maintain a constant entry rate because experience has shown that
adjusting the flight controls tamaintain a constant entry rate leads to
fluctuations in load factor and significant data scatter.

During the stall speed testing, the stall characteristics of the airplane must
also satisfy the requirements of § 25.203(a) and (b).

For airplanes that havéad identification devices for which the
angleof-attack for activation is biased by anglkattack rate, some
additional considerations are necessary. The stall speeds are normalized
against an average airspeed deceleration rate, as described in

paragrah 8.1.4.5.5 However, stall identification systems generally

activate at a specific angtd-attack, biased by an instantaneous aofle
attack rate. Therefore, longitudinal control manipulation by the pilot

during the stall maneuver, close to the stall identification system activation
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point, can advance or delay its activation without appreciably affecting the
average stall entry airspeed rate. To minimize scatter in the stall speed
versus entry rate data, theot should attempt to maintain a stable angle
of-attack rate or pitch rate (not necessarily a fixed airspeed deceleration
rate), until the stall identification system activates. The resulting time
history of angleof-attack data should be smooth and with

discontinuities. A cross plot of airspeed deceleration rate, as defined in
paragrapt8.1.4.5.5 versus anglef-attack rate for all related test points,
will show the general trend of this relationship facke flap setting. Any
points that do not follow this general trend should not be used in
establishing the stall speed.

Thrust Effects on Stall Speed.

Stall speeds are typically determined with the thrust levers at idle;
however, it is necessary to verify test or analysis that engine idle thrust
does not result in appreciably lower stall speeds than would be obtained at
zero thrust. Prior tamendment 2808, a negative idle thrust at the stall,
which slightly increases stall speeds, was considered abtepbut

applicants were not required to base stall speeds on idle thrust. With the
adoption ofamendment 2808, it became a requirement to base stall
speeds on idle thrust, except where that thrust level results in a significant
decrease in stall speedskidle thrust results in a significant decrease in

stall speeds, then stall speeds cannot be based on more than zero thrust.

To determine whether thrust effects on stall speed are significant, at least
three stalls should be conducted at one flap ggtiwth thrust set to
approximately the value required to maintain level flight at ls5ithe
selected configuration.

These data may then be extrapolated to a zero thrust condition to
determine the effects of idle thrust on stall speeds. f({§ae 8-1 below.)

If the difference between idle thrust and zero thrust stall speed is 0.5 knots
or less, the effect may be considered insignificant.
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Figure 8-1. Thrust Effect on Stall Speed
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ENGINE THRUST

The effects of engine power on stall speeds for a turbopropeller airplane
can be evaluated in a similar manner. Stall speed flight tests should be
accomplished with engines idfj and the propellers in the takeoff
position. Engine torque, engine RPM, and estimated propeller efficiency
can be used to predict the thrust associated with this configuration.

Data Reduction and Presentation

The following is an example of how the datatained during the stall
speed testing may be reduced to standard conditions. Other methods may
be found acceptable.

Record the indicated airspeed from the flight test airspeed system
throughout the stall, and correct these values to equivalent airgysed.
record load factor normal to the flight path. Typically, the load factor data
would be obtained from a sufficient number of accelerometers capable of
resolving the flight path load factor.rtaybe possible to obtain

acceptable data using one acaateeter aligned along the expected 1

stall pitch angle. More likely, it will take at least two accelerometers, one
aligned along the fuselage longitudinal axis and one aligned at 90° to that
axis, as well as a means to determine the angle between thgéih and

the fuselage longitudinal axis.

Calculate the airplane lift coefficient() from the equation given below
and plot it as a time history throughout the stall maneuver
E W CWhE

6 7w T v
n-y wY

8-5



05/04/18

8.1.45.3

AC 257D

Where:
3 O NadIWoOE £l AOEN QY @INGD
w 00 nodddeTBN I
n Owt OGNMI i O
Y OYQQQI REX Q6o
® QL EANR 6 QL OONE §QQQ
The maximum lift coefficienC.,,,, is defined as the maximum value of

CL achieved during the stall test. Where the time history pl@.of
exhibits multiple peak value<,,,,, normally corresponds to the first

maximum. However, the peak corresponding to the higheathieved
may be used fo€y,,,, , provided it represents usable lift, meaning that it

does not occur after deterrent buffet or ottall identification cue (ref.
§25.201(d)). There should also typically be a noticeable break in a plot of
the load factor normal to the flight path near the point at w@ich, is

reached. The analysis to determig, ,, should disregard any transiest

dynamic increases in recorded load factor, such as might be generated by
abrupt control inputs that do not reflect the lift capability of the airplane.
The load factor normal to the flight path should be maintained at
nominally 1.0 untilCy,,,, is reachd. (Sedfigure 8-2 below.)
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Figure 8-2. Cr,,,x and Load Factor

8.1.4.5.4  Correct theC,,,,, oObtained for each stall, if necessary, from the test CG
position to tle targetedCG position, and for any thrust effects, using the

equation:
0 0 p LoOoPa 6O OO Yo
Where:

0606 GQEANOGQI ¢ GGdih | QQEQMEMD
& '0'Q0Q MO @NAFFNN i 6D @OV BIDEQECD Qi HQE O
b6 &rE B 0 &0 QIURR QDHE HQEM
60 679 ¢i Qb WE 6 IDFAAWD | 0HAHVQQQL Q& OO
[ 0 dNMERI ¢ WIS T U b TETQASAED
N Qi O ‘GEIEE) Qi GlRE dp Tt
60 560 bOG®WE I QNQE EEd T
Y6 s@he (Wb Q6 ®Q: VG @ i ‘@000 & EX6 | o
QI Q ARG D 02 £'0F 0 DRAQQ
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8.1.4.5.5 Determine the stall entry rate, which is defined as the slope of a straight
line connecting the stall speed and an airspeed 10 percent above the stall
speed, for each stall test. Beca@sg,, is relatively insensitive to stall

entry rate, a rigaus investigation of entry rate effects should not be
necessary.

8.1.45.6  For each approved configuration, construct a pld.Qf,, versus weight.
(Seefigure 8-3 below.)

Figure 8-3. Cr,,,x Versus Weight and Flap Setting
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8.1.4.5.7 Flight test safety concerns usually dictate the lowest test altitude for
determining stall speeds. The test data should then be expanded to lower
altitudes, and hendewer Mach numbers, to cover the operational
envelope of the airplane. SinCg,,,, usually increases as the Mach

number is reduced, simple expansion of the flight test data could result in
extrapolating to a high&t.,,,, than tested. The expansion@f, ,,

versus Mach number data is only permitted up to the highest,

demonstrated within the range of /s t est ed, wunl ess t he
the trend of highe€.,,,, with decreasing Mach number is substantiated

with other test data. For example, data migd at a more aft CG position
or with power on can be used for this purpose if CG and thrust effects can
be accounted for. Data from another airplane in the same family with the
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same wing and showing the same general trel, of, versus Mach
(e.g., a lghter weight variant) may also be used if shown to be applicable.

8.1.4.5.8 The reference stall speedsr/is a calibrated airspeed defined by the
applicant. \ér may not be less than theglstall speed and is expressed as:
W
W

3

Where:

6 Ccudbxt wijé Y Yoh
QBDi 0 & ad@ dEE AD VNG fdnmpu "ﬁgﬁ')‘ﬁf)é aawe Qi
OEH Wi & O OE T B 0 Qu i AO®d € 0
0@ QE@M M 1) QOEQI @ BEQe | OGIEQE | OGE O
QQL QI &0 Qi
Yo 6 € & i Qb HEHTEN QQ0QI0MHD O'@ Q¢
equivalent airspeed and calibrated airspeed)
W OQi N dOXE QI
€ B0 NadIWOE &l AOEKD QDN 3D
o WO0H0 WET 1 Qi N é FMATE I"'O0 EQ "WQ
i ‘QAIgure 8-4 below)
Y OYQQQI RER Qo
8.1.4.5.9 Constructa plot of reference stall speed versus weight for each flap/gear
configuration. (Seéigure 8-4 below).
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Figure 8-4. Stall Speed ersus Weight and Flap Setting
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8.1.4.5.10

8.1.45.11

For airplanes equipped with a device that abruptly pushes the nose down
at a selected anglef-attack (e.g., a stick pusher)spmust not be less

than the greater of Bhots @ 2 percent above the speed at which the
device activates (8§ 25.103(d)).

In showing compliance with 85.103(d) for airplanes equipped a device
that abruptly pushes the nose down at a selected-afigtéack (e.g., a

stick pusher), the speed at which tlewice operates need not be corrected
to 1 g. Requiring a load factor correction of the device activation speed to
the kg condition would unnecessarily increase the stringency of
§25.103(d). For example, it would be possible for the device activation
spead to be assessed as higher thaw (9T at least closer todéthan

would be obtained without correcting to the 1 g condition). Test
procedures should be in accordance with paragdahi.3.1to ensure that
no abnormal or unusual pilot control input is used to obtain an artificially
low speed at which the device first activates.

8.1.5 Stall Characteristic€s § 25.203.

8.1.5.1

Background.

To assure a safe and expeditious recovery from an unintentional stall, it
should not reque any unusual piloting technique to successfully
demonstrate compliance with § 25.203, nor should it require exceptional
skill or repeated practice by the test pilot. The behavior of the airplane
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during the stall and recovery must be easily controllasilegunormally
expected pilot reactions.

Configuration.

Stall characteristics should be investigated with wings level and in a 30°
banked turn, with both power or thrust on and power or thrust off in all
configurations approved for normal operations.

The test configurations for stall characteristics should include deployed
deceleration devices for all flap positions, unless limitations against the
use of those devices with particular flap positions are imposed.
Deceleration devices include spoilers usedrsakes, and thrust

reversers approved for inflight use. Stall demonstrations with deceleration
devices deployed should normally be carried out with power or thrust off,
except where deployment of the deceleration devices with power or thrust
on would likely occur in normal operations (e.g., extended spoilers during
landing approach).

Stall characteristics should be investigated with any systems or devices

that may alter the stalling behavior of the airplane in their normal

functioning mode. Unlessthedegn of t he airplaneds
control system precludes its ability to operate beyond the stall warning
angleof-attack, stall characteristics and the adequacy of stall warning

should be evaluated when the airplane is stalled under the contnel of t
automatic flight control system.

Poweroff stalls should be conducted at flight idle for the appropriate
configuration. For propelledriven airplanes, the propeller should be set in
the normal low pitch (high RPM) position.

For poweron stalls, power othrust should be set to the value required to
maintain level flight at a speed of 1.5t the maximum landing weight
with flaps in the approach position, and the landing gear retracted. The
approach flap position referred to is the maximum flap diefleaised to
show compliance with 85.121(d), which specifies a configuration in
which the reference stall speed does not exceed 110 percent of the
reference stall speed for the related landing configuration.

Stall characteristics testing is normally datehe aft CG limit, which is
typically the most adverse; however, if the stall speed tests at forward CG
indicate that marginal stall recovery characteristics may exist at forward
CG, compliance with 85.203 should be shown for the most critical
loading

In accordance with 85.21(c), stalls must be demonstrated up to the
maximum approved operating altitude to determine if there are any
adverse compressibility effects on stall characteristics. These tests should
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be flown with gear and flaps up at the ihadverse CG. Power or thrust

may be set, as required, to maintain approximately level flight and a

1 knot/second deceleration. A slight descent rate is permissible as long as

the stall occurs at approximately the maximum approved altitude.

Characteristicshould be checked during a wings level stall and in a 30°

banked turn.

For abnormal aerodynamic configurations covered by AFM procedures,
high angleof-attack characteristics should be evaluated down to the speed

reached one second after stall warning mne knot/second deceleratio
with the wings level and at idle power or thrust. If there are no adver

n
se

characteristics and there is adequate controllability, it is not necessary to
stall the airplane. Adequate controllability means that it is possible to

produce and to correct pitch, roll, and yaw by unreversed use of the
controls, and that there are no uncommanded airplane motions due

flight
to

aerodynamic flow breakdown. The applicant should also demonstrate that

the airplane is safely controllable am&neuverable when flown at the
recommended operating speed.

Stall characteristics should also be demonstrated with the maximum
allowable asymmetric fuel loading. Requirements are as specified in
§25.203(a) and (c).

Procedures.

The airplane should be trimed for handsoff flight at a speed 13 percent
to 30 percent above the reference stall speed, with the appropriate power

or thrust setting and configuration. Then, using only the primary
longitudinal control, establish and maintain a deceleration (stajl eate)

consistent with that specified in2%.201(c)(1) or (c)(2), as appropriate,
until the airplane is stalled. Both power/thrust and pilot selectable trim
should remain constant throughout the stall and recovery (to where the

angleof-attack has decased to the point of no stall warning).

The same trim reference (for example, 1.28)\¢hould be used for both
the stall speeds and characteristics testing. For all stall testing, the trim

speed is based on the stall speeds provided in the AFM.

During theapproach to the stall, the longitudinal control pull force should
increase continuously as speed is reduced from the trimmed speed to the
onset of stall warning. Below that speed some reduction in longitudinal

control force is acceptable, provided it @ sudden or excessive.

Section 25.203(b) states that

completion of the recovery may
level wing stalls. In level wing stalls the bank angle may exceed 20°
occasionallyprovided that lateral control is effective during recovery.
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